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PREFACE. 



In order to extend the study of the higher parts 
of Algebra, I have attempted to produce a series of 
Graduated Examples^ suitable for Senior Classes. 
For this purpose I havie made large selections 
from my former Examples, invented new ones, and 
selected many from recent Examination Papers; 
in order that the Pupil, having a number of 
Examples of one kind before him, may become 
perfectly master of any peculiarities or artifices 
before he leave them. I have also introduced 
Examples in every department which the Oxford, 
Cambridge, Civil Service, or Military Examinations 
have touched upon. 

Complete Solutions of all the Questions in this 
work are in course of publication. 



42, Queen Sqttabb, W.C. 
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EXAMPLES IN ALGEBRA. 



SUBSTITUTIONS. 



I. (1.) Find the value of ^ - ^ + ^' , ^hen a? » A and a = i. 

a?* + ox + a* 

By snbstitnting for ar'and a the values, ^ and ^, we have 
g»-gar-Hg» _ i-i + ^%- 4->2 + 1 _ 3 

(2.) ?^iy ^ ^-3^; when x - J. y « |. 
(a.) ^Il?f|±4;whenx«i,y«i. 



(4) V*' - aor^ + 3ary« - y> x y^arS - 2ay + y-; when x ^ ^, 
(5.) 4iK^ - llo' + 12a2 - 4; when a » 4. 



(7.) (ar' - 3ar + 2ar) . (ar» + 3ar8 - 2x); ^j,^ Jr « f 
(8.) a:» - 16 + y/ar^ - 16 - 12; when x ^ 4> ^2. 
(9) ar'-2a?» + ar-2; when ar «= 2 + ^'^. 



(10.) v'12x«-84-a^ + v/*«-7; whenar « 2-v^3. 



ai.) ^-yi±f;when««i,6 = i. 



B 



6 EQUALITIES AKD INEQUALITIES. 

(12.) ^±|2LLl^,when,-i.y-f 



when a s ^, & * ^. 



EQUALITIES AND INEQUALITIES. 

II. (1.) Which is the greater, 2* or 3* ? 

2" > or < (greater or less than) 8'; 
raise both ades to the sixth power; 

then 28 > or < 3»; 
but 82 - 9, and 2^ = 8; 

/. 3' > 2*; and consequently 8» > 2*. 

(2.) Which is greater, l?'or — ? 
^ ' ^ 20 19 

^ > or < J?, /. 861 > or < 360i 
but 361 > 360, /.Ig > jg. 

(3.) Show thai « + * > i + 4-- 

Multiplying both sides by a^J*, 

o^ + 5* > or < oi^ + a'6 > or < ab{a -^ h). 
Dividing both sides by a + 5, 

a? — od + J' > or < ahi 
then a2 - 2ad + J», or (a - J)', > 0, 

since all rational quantities when squared are positive, and therefore 
gpreater than nothings 

, a h 1 1 



EQITALITIES AND INEQUALITIES. 7 

(4.) Show that 6* > 12* ; that 1? < ?2 ; and that v^l9 + v^3 

(5.) Show that a« + a«J« + a^* + J« > (o» + ft3)2. 

(6.) Show that n» + 1 > n + n% 

(7.) Show that 3(1 + a2+ a<) > (1 + « + a2)2; and that a" -J*" 

< wa**—^ (a — J) and > mb^~^ (a - 5), if a be > b. 
(8.) Show that a!y>ac + &rf, ifarS^^a^ + jSandy^^c^ + d^. 
(9.) Show that 2 (1 + a:^ + ^^^ > 3(1 + ^j), 

(10.) Show that abc > (a + 6 — c) {a + c — h) (J + c — a), un- 
less a, ht and c are eqnal. 

(11 ) Show that (a + J + <?)» < 3 (a» + 6^ + c«), unless a = J « c. 

(12.) Show that V« > V® + 1. if a be not < 3. 

(13.) Show that 

2vrr5 , .^ , /"« , /"ft 

x + y/l + x^ ^^ h '-/a 

(14.) Show that o(J + c)« + J (a + cf + <?(» + &)2 - (o + 6) 
(a - c) (6 - c) - (a - h) (a - c) (ft -f c) + (a - i) (ft - c) 
(a + c) « 12aftc. 

(15.) Show that (a?-ft*)c + (ft2-c2^a + (c2- a2)ft « (a- ft) 
(ft-c)(c-a). 

(16.) Show that 

(..iy-(,.i)-.(„.i).(|-f). 

and prove it when x ^ \ and y >= i. 

(17.) If(a2 + ftc)2(ft2 + ac)S(c2 + aft)2 = {a^'-bcf{U^'-acf^{c^-ah)\ 
show that either 

a3 + ft3 + c8 + flftc « 0, or 1 + ^ + i + -L « 0. 
a* 6» c* abc 

(18.) Show that a<(ft2 - O + ^^c^ - a^) + tf*(a« - ftS) == 

[a«(ft-c) + ft2(c-a) + c2(a-ft)] x (a + ft) (ft + c) (a + c). 
(IS.) Prove that (a + ft + c + rf) (a + ft — c - rf) (a-ft-c + rf) 
(a— ft + c— rf) + (ft-a + c+rf) (a— ft + c + rf) (a + ft— c + d) 
(a + ft + c— rf) = 16aftc</. 

b2 
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G. C. M. & L. C. M. 



m. Find the Greatest Common Measm* o*^— 

(1.) 6a? + 7ax - 8a^ and Ga^ + llax + 9a^. 

(2.) Of* + a^a^ + a* and a!* + (m^ — cfix — a*. 

(3.) 6a?* - 25aV - 9a* and Sar^ - Ibaa^ + <v^x ^ M. 

(4.) x^ - 19a?' + 119ar - 245 and 3*' - 38a: + 119. 

(5.) Z^ - 22a? - 15 and 6a?* - 17a^ + 18a:. 

(6.) a?3 - 3a;2 + 7a. - 21 and 2a?* + 19a?8 + 36. 

(7.) 2007* + ar^ - 1 and 25a?* + 5a?* - a? — 1, 

(8.) a* - X* and a* + a'a: — oa;* — x*. 

(9.) a?8 + a?2^-a:*i^-y' and a:*-a?^-afy +^. 

(10.) Ga'^x^ - lOaVy - 9a?a?y + 15aa?y and 10a*a?^ - 15ay + 

Sa^xy - 12aay. 

(11.) a?*-a:*-a?+l and6ar*-4a!'-l. 

(12.) a?'-8a: + 8 anda?* + 3a?» + x + 3. 

(13.) a:8 + a?y8 + a^ + ^ and a?* -y*. 

(14.) a?* + aa?3— 9a'a?2 + llo^a:— 4flf* and a:*— ««'— 3aV+ 5a'a?— 2a*. 

Find the Least Common Multiple of— 

(15.) a? + a?" and a» - a?2. 

(16.) 2a: - 1, 4a?2 - 1, and 4a?2 + 1. 

(17.) a? — 1, a: — 2, a?' — 4, and a: + 1. 

(18.) 4(1 - Jr)2, 8(1 - ar), 8(1 + a?), and 4(1 + a?^). 

(19.) a? - a?8, a' - a?2, and «» + a?s. 

(20.) a: - a, X + a, a?2 — a', and a?» + a^. 

(21.) a?* + a?V + «y + «y + ay*-f y« and a?«~a:*^+ aJ»y2-.afy 

+ ay*-5^. 

(22.) a' - b\ a' + 6=, (a - b)^, (a + 6)«, cfl ^ l^ and a» + i». 

(23.) a:»-3a?» + 3a:-l, a?*-jr'-* + l, **-2*'+2af-l, 
»* - 2a?» + 2a:2 - 2ar + 1. 
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INVOLUTION AND EVOLUTION. 



IV. Find the square of— 
(1.) 2a + 3&, -1 + A, and a - 3J. 

(2.) l.-.^..M^|+ ^.and^ + l^f 

(3.) x-1 + 1, ^ + l-l,and±^-^^|. 

Find the cube of— 

(4.) a + d, a + 24, and — + -L. 
2 3 

(5.) x^ + ab + a^ and 1 - 4 + ^• 
(6.) 1 + 2a? + 3a?>, a?* - y* and x^ - 2y^. 

(7.) X — J?""*, a? — 1 + a?"*, and a?^ + 1 — x~K 
Find the square root of 

(8.) Qa^l^c^, 64a«6*c«, and STBa^^J^^c^^. 

(9.) iea2 - 40a5 + 25*2, and 16a* - 48ae^ + 100a« - 96a + 64, 
(10.) a« - 2aJ + c3 + A* + 2ac - 2&?. 
(11.) a!« - 6ar«y + 16ary - 20a:y + 15a?y - Gxi^ + ^. 

(12.) a:4-^ + .^- + :^-2a^. 

(13.) J^5f ^«^^^ + :^, 

(14.) ^ + ^ + 2(.-i).l. 
(15.) 25f-— + jg^-^ + ^--. 

(16.) 4«*-ar>+6a;»-ar + i,and ^+^+?? + 8 + ^. 

/,^ V «• 5i? oi ctx b^ a* 
("•) T- 4-12 -^ -6 * 16 + 36- 



iO INVOLUTION AND EVOLUTION. 

(20.) «2 + x. (21.) /' . (22.) ?i?. 

a* — ;p a — 9 

Find the cube root of— 

(23.) a^ - 3a*ar* + So^ar^ _ ««. 

(24) arfi - 6*6 + 15ar* - 20a:» + 15iF« - 6ar + 1. 

(25.) ^^JL^A+i. 
' ' S 27a« 3a3 ^ 2 

(27.) ics-12ar2 + 54a;-112 + — -^ + ^ 
(28 ) — ^ ^fl 2^ ?L 

(29.) «8x _ ^-& _ g^^. _ ,_,j ,„d «J _ 8«»^ 8<.» _ ^ 

a* rt' or or 

(30.) a:3-i^ + 3(ar-i)andar-i-3x^-|, + 5. 

(31.) Find the 4th root of 

16ar* - ms^y + 216ay - 216a?^ + 81y*. 
(32.) Find the 4th root of 

3flV 27a^_27aV 81 oV 
6 "'■ 86^ 166=« ■*" 2566-» * 

(33.) Find the square root of 

(a - bf [(a _ 6)2 - 2 (a« + i^^] + 2(a4 + 6<). 

(34.) Find the square root of «iV + wV + »V«, 

11 2 1 3 2 

when m - ^, + ^, » = ^, + ^, r = -j5 + ^. 

(35.) Find the 6th root of 

(36.) Find the 5th root of 

82a;6 - 80ar^ + SO^r* - 40jr^ + lOo- - 1. 



PRACTIONS. U 



FRACTIONS, 



V. Find the sum of— 

n) -^ 36 6& 136 
^ *^ 12a "^ 4a "^ 8a "" 16a' 

/.,\ 3 5 6 11 

(2.) — + — + . 

^ ' 2ar 4f 15a? 201? 

(Z ) ^-^ _ 8a? -15 10a? - 11 
15a 5a "*" 80a ' 

(4.) ' ^-^ _ J^ ''" 



3(1 -y) 3(1 -y) 1-y 1-y' 

,- V 8m — 4» 2w — » — 1 16w — 4 85m - 20ii 
(5.) —^ __+_^ 

'(ar — a)* \ x — a / \ x / 



c(c + rfa?) c + rfa? c + <ix 

(B) 1 ^ 3a? 4- 2y 1 8a? - 2y 
^*^23:r-2y 2 3a? + 2y* 

(12.) -*^. - 

(13.) 

(14.) 



If a + b a ^ 6 a + b 

a? + 3 a? + 3 



a'-l 2a? + 2 2ar2 + 2 a?<-l* 
1 111 



2(«'-l) 2(jr + l) a?2 a^(^_i)* 
(15.) ^±if. J^^.f^ZL^?. 



14 FRACnONa 

^ (16.) -? f!_ + ^ - A 



"* ^ 4(1 + *•;'*' 4(1-0?) "*" 2(1 + tfs/ 

>(18.) 3 a . 1 1-x 



(19.) 

/ (20) 

(21.) 



4(1-0?)* 8(1-*) 8(1 +a) 4(1 + j'^) 
o + c b + c X + c 



(a -b)(x- a) {a - b) (a- - A) (a? - a) (x - *) 
1 1 1 



(a? + l)(o? + 2) (a: + l)(o? + 2)(or + 3) (or + 1) (o? + 3) 
18 r 



(or + l)(a? + 2) (o? + l)(or + 2)(ar + 3) (a? + 1) (o? + 2) (or + 3) 

-(23.) 4_.(i_^)_i. 

1 + ar ,\ 1 + x/ * 

(23.) („-x). + !^'JJf!_(l±£^. 

a« + i* - c> (a + c - 6) (6 + c - a) 



(24.) 1 



2a& 2a6 



(25.) ^ -^ ^ . 

a> + 6» - c3 - r/a _ (c + r/,8 - (fl» - &)« 
^ ' 2iab + cd) 2(ab + od) 

\1 +y y / Vl + y 3^ / 

/ggx g -^ 2o? ^ (a — ar)^ _ g — ar 



a — a? (a + 2x)- a + 2or 
A^g X g^ -f aca? + a?^ «2 — ax + ar' , «* + g'x^ + x* 

a^ — a-a? + cut^ — a?* a + a? * a* — x* * 

(30.) i^ + (yg + g^)^ + g^^ ^ j?^+ (pi-qs)x'-qta^ 
p — qx p + qx 

(31 ) g2+(2a<'~y).T3 + g^ar^ ^ q2 + (,rc~/>>g + fecar» 

a^ + 2abx + (2ac + b')x^ + }Utcx^ + (rx-* ' a^ + (ac — //-)a^^-^6c? * 

(82.) I + I fi±J_. 

* 2(1-*+ «=) 2(1 + » + «=) 1+0.- + 41* 



FRACTIONS. 13 

(33.) Ll^ + g - ^) q - ^') _ 2(1-^) 

l + x (l + a:)(l + ««) (1 + *)(! + ««)• 

(34.) ^ _ x^ — 9 X ^ a? 4- 8 

« — 3 jr(ar+3) a? + 8"* a:' 

(35.) Jl±i). + 9 « «i«. 
2(««-l) 2(;p-3) a?-2 

(36.) — -- + + _ 

ah ao he 

,gy X 2a + ft a - 2ft a» - Soft + 6> 



(38.) 



a-'h ^ a + h o^+ft^ 

a' oft ft 



(a + hy (a + ft)3 a + ft 
ar(ar~2y)» y(2a?~y )a 
(x+y)5 **" (a;+y)a * 



^ •-' (3 - «)« "*■ (3 - a-)» (3-ar)«* 
(41.) lll? + * + « ^ 



X •¥ a X — a sfi — a^ 
(42.) llL^£^+ l-t^. 



(43.) 
(44.) 



3(a?2-a? + l) 2(a?9 + l) 6(ar+l) 

12 1 4 

5(a? + 3) "■ 15(ar-2) 3Cdr + l)* 

3 3 1 l-g 

4(1 -a:«) "*■ 8(1 -x) "*" 8(1 + x) 4a + a?^ 



(45.) — i— -:r^+ ^ 



2(ar+l) ar + 2 2(a? + 3) 
(46.) --— + + 



l+ar 1-a? l + 2a? l-2ar 
(47.) 3^_-J_--l_> ^ 



(1 + a?)3 1 + a? 1 - a? (1 - ar) (1 + a?)« 
(48.) 

(49.) 



5 (a? - 1) 4ar» 16a? 80 (a? + 4) 
13 5 6 



(1 X ar)' 1 + a? (1 + 2*)» 1+2* 



14 FRACTIONS. 

1 



(50.) -L + -L + ± + 

^ ' ars a>2 a? ^ 2(1- ar)« "^ 4(1- ar) 4(l + ar)' 
/ci \ 4 2ay + 1 1 4 



a^ + 1 {x^ + iy (ar^ + a? + 1)« a;^ + 3. + i 

^ ' ar3 ^ a?2 a? (^ + 1)^ a~» + 1 
(53.) ^ + y _ _f a^-a^y ^ (x - y)« 



(54.) 



y a; + y x^y—}^ 2a-y 

8 13 5 23 



5ry-2) 80(^ + 3) 4(y-l)2 16(i^-l) 



(55.) -^ f L- + 1 



a?" - 1 a?" + 1 a?" - 1 ar" + I 

1 i- a;V * 
(57) 

(58) 



1 -a^ 

1 1 a?-l 7a? -1 



3 (j? - 1) ar +• 1 2 (a:^ - a: + 1) 6 (a?- + a: -»- 1) 

2 8 * 8a?+ 1 1__ 

(a: + 1)* a? + 1 a?^ + a? + 1 (a? + 1)- * 

111 x^a 



^ '^ 2a(af-a^2 -^ 4a2(a;~a) "^ 12a»(ar + «) 3a2(J7='-a^ + a^) ' 

(60) ^^"(^-c)^ , ft^-(g-«)^ , ^^{a^hf 

^ ' (a + c)--J2 (a + 6)2-c* (6 + c)2^a3• 
yg, X he {a 4- <^) ac (ft + <i) g5 (g + rf) 

(a - ft) (a - e) "" (a - i) (b-c)'~ {p.- c) (c? - i)' 

(62.) l±i(a2+62^^^ + ^(6-2 + ^.^?) + ^•t^(a2+ c» _ ftS). 
aft ^ ' ftc ^ ' a<j ^ 

(63 ) -1 - (tt^ - ft^)a? a (a^ - ft^ a?^ _ a ^- bx 
^ ' ft ft« "^ ft2(ft + (w) b-^ax' 

(64.) _f^L^ ^ ^Lll±i. 
ft-l^-j. 



FRACTIONS. 16 



a + r- _ a + 6 + — 

(65.) Llif X ^ X ±. 

^ ' b-a b'i ^ a2 

1 + 6a b 

(66.) -^ • ^ 



1 

a + r- X —1 + 



6 + 1 1 + -^ 

c 4 — a? 

(67.) "^ "*■ '^ * ^ "^ 



(a — 6) (a? — a) {a — A) (a? — 6) (a? — a) {x — b) 

X 1 1 ^ 

(a - 6) (a - c) (a? + a) "*" (6 - a) (6 - c) ( a: + b) 



{c — a) (c — 6) (a? + c) 
a 



(a - A) (a - c) (a? - a) ^ (6 - a) (b - c) {x - b) 

e 
(c — a) (c — b) {x — c)' 

^ '^ {a- b) (a - c) (ar - a) **" (J - a) {b - c) (a? - A) "^ 



(71.) 



(72.) 



(c — a) (c — 6) (a: — c) 

a^ + a+ I h^ + b + l 



(a '-b)(a- c) (x - a) (6 - a) (b - c) (x - ^) 

c2+ c+ 1 
(c-a) (c--6)(a?-c)' 



(a - 6) (a - e) (x - a) (a - b) {b - c) (a? - 6) 

c^ + mc + w 
(a-b) (b-c) {x-c)' 

Reduce to their lowest terms : — 

a^^a^ a^ + a^ a + x a^ - ax + ar 



(74.) 



a^ + ifi a^ — a^ a — x a^ + ax -i- ^ 

ar* + 3a: + 2 a^ + ^x + 4, 
x^ + 2xTT *^ a?2 + 7ap + 12* 



16 FKACTIONa 

(75 



(76.; 

(77.) 
(78.; 

(79.; 
(80.; 

(81.: 

(82.] 
(83.; 
(84.) 
(85.; 
(86.] 



JL + 1 1 Sa^-Sx + i 

X X — 1 x — 2 

1 ar + 10a? + 21 



_1_ 1 1 '6x' + lOx - 29 

a? + 3 ar-5 a? + 7 

ar3 — 4a:+3 ar — 1 ar» + l 

ar — 2J7--3 a? + 1 ar* — a? + 1 

ar^+fof — 6)a: — oA x ^ b 

a:^ + (a + A) ar + oA a: + 6 

a:* + liar + 30 ar + 5 



yar* + 53ar - 9a; - 18 9ar - a? - 3 

ac -r bd + ad -i- be o + d 
of + 26a? + 2ajr + // /+ 2jp' 



4a* - 2a«/r - 4*36 + 2aZ»» 2a (2a2 - ^; 

«-^a? — i^x^ 6 ^a + 6a?) 

ar» + ar*y* + V* a?^ •>- ary + v' 

# — . '— '' X - : — . 

X* + :Lxr^if + 3a:-y=^ + 2xi^ + y* X' — xy + y^ 

a?*-2j»y + 2ay~y^ a:^ -f / 

X*— 2a:3y 4. 2a?y — 2ay + y* xr—y'' 

6a^ -f ISj^.v - 4x»f^ - 10a^g« , 2x + Sy 
yjT*^ — '^,^x^yz — 6xyz^ + 18^«* * a? — 3z ' 

a* + 6* + c« + 2a6 + 2g g + 2bc . g -f ft + g 
a-" _ ^^ _ ^3 _ 26c • a — 6 — c * 



/o-f V / »* 2a a<? 6c c^ \ . / » * <? \ 

/So* 19a^6 21qV»» 9a6a {[^X _:_ / ^ __ «i ^\ 
W"10^^ 5ary 10a*^"^y*/ * \a?-» 2xy'^f/' 
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SURDS. 17 



SURDS. 



*V. (1.) Multiply aMc* by ahK^ ; aMc* by ahh^ ; and 
a'6' — c'«' by a'6' + c**'. 

(2.) Multiply 8aM - 5aM by 8aV + 5aM. 

(3.) Multiply a* + »%»" + a^y® + a^y' + y* by a* — y*. 

(4.) Multiply a* - a'A* + 6^ by a* + i*. 

(5.) Multiply a^ — x^ + X* by a?* + a?' + a:*. 

(6.) Multiply a* + a^^i 4- Jbi + 6* by J - 6* 

(7.) Multiply 8ar^ + 4a?' + 6a?* by 3a?* - 4** + 6a?*. 

(8.) Multiply 3a?* + 3a?*y* + 3y* by a? » — a:*y* + y* 

(9.) Multiply ai + ahi + ah^ + b^ by a* -6*. 

(10.) Multiply X* — f/»^jp*a?" + nfip^x* — w^^'' by a?' + j>*i»*. 

(11.) Divide a^ - Zah^ + 3a*^^* - 6^ by a* - 6* 

(12.) Divide 1 - y^ by 1 - y^. 

(13.) Divide 9aA* - 25aM by 3a*6* + 6a*6* 

^(14.) Divide a:* — 2 + a?~ ■ by a?* — a?"*. 

(15.) Divide a* -6* by a* - 6* 

, (16.) Divide a?* - 3a?' + 3a?~* - a?"* by a?* - a?"*. 

(17.) Divide a?* + a:"* - a?* - a-~* by a?* - a?~*. 

(18.) Divide a* + a*a?* + a?* by a* + ct^x'^ + a?*. 

(19.) DWide,i + ^*+lby **-^ + ±. 

(20.) Divide a?* + a?"* + 2 (ar* - ar~*) - 1 by a?* - »"* + 1. 



18 SURDS. 

VL (1.) Find the value of ^32 + v^60 - -y/Is + -v/98. 

Here 32 » 2 x 16, 50 » 2 x 25, 18 « 2 x 9, and 98 » 2 x 49. 
.'. v/32 + -v/50 - v^Ts + -/98 

- v/2 X 16 + -/2 X 26 - v^2 X 9 + ^% x 49 
« 4^/2 + 5v/2 + 7v/2 - 8v^2 

- (4 + 5 + 7 - 3) v^2 - 13v/2. 

(2.) 3<v/8 X v^32 X 8^/48 x v^75. 



« 3-/4 X 2 X ^2 X 16 X 8-/16 x 3 x v^25 x 8 
«3x2xl6x8x 6-v/2 x 2 x 3 x 3 
=^ 1440 X 6 = 8640. 

(3.) 8v/8 X 2 v/6 X v/i5 x ^20. 

(4.) VST X 1^64 X V375 x ^^=^24. 

(5.) 4v/147 - 3v/75 - 6>v/i. 

(6.) 3^40 + V135 + V320. 

(7.) h^'Mb + 4aV^ - •/12oa«/>4. 

(8.) 2v/i28 - 2v/50 + 2^72 - ^/Is. ^ 

(9.) v^75.+ y/l4/7 + v^^ + v/l28. 

(10.) V500 - ^WS + -v/243 + -/27 + ^76. 

(11.) v^l28 + 2v^48 + V338 + -/507. 

(12.) 2v/8 - 7-v/18 + 5-v/72 - v'SO. 

(14.) 2^8 - 7-/i8 + 5-v/72 + ^/SO. 

(15.) >/i2 + 2v/27 + 3v/75 + IS^S. 

(16.) 2t/4 X 7^6 X ^^6 X «/T0O. 

(17.) v^l X v4 X v^l X v^«^ X v^ ^_y/H' 

(18.) t^i'^t^^ V'ix Vix VMx V^x VW* 

HQ^ 7« /^- 18 /14 77 

(19.) 7„/^x-/-x--^. 

(20.) f^/A + ^/■V^ + iv'^. 



SURDS* 19 

(22.) ^^s^A-^y^.a^^A. 

(24.) (^128 I- y54. + i/250) x (^54 - l^/im + V250;. 



).) 9-/4a26 + 4a-:r - 4-/9a26 + Qa^x. 



(26.) 2v/a2^ + 3v^646a?<', and v^80a*a; - v'20a2ar», 
(27.) ^1-^^, and v^^-v^J. 



(28.) -/lOOa^i + ^l4Ad'b - y289a2d. 

(30.) (5-2^^) (6 + 2^"^), and (3- v"^) (6 + 2v/~5). 

(31.) (2-2 v/^) (5-5 -/-3), and (5 -/6-3 v/5) (5/6"+ 3 ^/S). 

(32.) y^ X y^, and 1(/^a x y^J. 

(33.) (a'-l + v/J) X (a?-l-y2) x (a? + 2 + v/3) x (a: + 2-y3). 

(34.) ^^+y X ^^+lf X v"^ >« V^- 

(35.) (l-^/3) X (v/2 + v/3) x (l + ^/sT) x {^t-^^). 



(36) JP v/12a2;r + 2« v'27a-3 + 3 ^4&a'a^ - 20ax y/'6x. 



(37.) b y8a«»6 + 4a i^/a^i* - ^12ba^b*. 

(38.) ^''— + -1 -/a3i-4a^62 + 4afi\ 
c 2c 

(39.) ^v^and_jM±i)_. 

, Jl_ 1_ i. J. 

(41.) (a + 6)"" x(o + i)" X (a-i)"" x(o-4)''. 



20 SURDS. 

(43.) (a? + y)a?^^ 

(45.) y" a3V"*"y"*+l X ^a'"-^^dr"y*-^ 

(47.) G^+iyiV*- 5% ^^ ). 



(49.) 



-v/lSffW + -v/50a»6* 



V^8a68 + ^2a36 - Sa^fta + 8aA« 



(50.) _l_+_i__+ 1 



4(1 + y*) 4(1--/^) 2(1 + ar) 
(ol.) - + 



(52.) 






a—y/a' — a^ a + ^a^ + sc* 



(Oo./ — z::z= ■ + — =r=i= . 

V'a^' + 1 - V'a^^ - 1 y^arS + i + ^^^ _ 1 

1 1 



(54.) 



x + ^aP-l X- ^a^ ~ 1 



(65.) (/ «_Lv^ ^ y "-^f-" )'. 

(56.) ( / ^.y ~ ^ jfvji) > /f (;.-^.vy3) 
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/ 9_ l_ g-2r y Iv » 

(57.) (a"*y - 262'-a2a^ + <,"r ^^ )*• 

(58.) ?Jl^_v^. 
3-2v^2 

V (8 - 2 v/2) (3 + 2 v^) - 9 ~ 8, 

. 8 - 5 y/j ^^ 3 + 2v/2 _ 24 -h >v/2 - 20 -- 

"3 -.2v'2 "" 3 + 2^^2 " y-8 * "*"^ 

(59.) l±^; V'3_+ 7x/5 

4 - v^5 ' v/8 + ys 

(60.) g + lQ\/g . 2(v/3 + l) 

(61.) ^^^^V'^ + 2~a/3 

v/2 + v^2 + v^3 v^2 + v/2 - y 3 

5 + 2^^^ 2 4 



2.) _, 

2-^-3 2 + ^^-3 l-y-3 

3.) 1 + \/3 , 2 + v/3 2v/3 + l 



(64.) 



1 - -v/3 2 - v^3 2 + v'S 



).) V^ '*- >/y 2a?^y^ 



(66.) 



a^ + ab + 63 or* 



(aS - 63) (^^ ~ a^) (** - 6) (a? - a) • 



(67.) / ^ "^ ^^ - ^ + ' / « + g-6 

V (a + c-b) {b + c-a) V (6 + ~ «) (a + 6 - c) 



/ — 
V (a + 



6 + c — a 



c - 6) (» + 6 — c) ' 
(tt^ + 6^3 (a' + 6^)2 a^ + b^ 



22 SURDS. 

2 2 



)X £ 



(70.) 

(71.) 



^2+4^/3 1 + v/2 

2 + ^3 2~v/8 



\/2 + v^2 + v/3 -/^ - V'2 - V'S 

(72.) Find the root of 5 + 2 ^/e. 

Let \/5 + 2 v/6 «» V'"i + V>. 

Squaring both sides, 5 + 2-v/6 — a? + y + 2 v^ay; 

/. a: + y = 5. and v^ary « ^^6; 

and aj2 + 2xy + y* « 25 
4^^ » 24 

.-. a:3_2j:y +y2 = 1; 

and a? — y = 1, and x + y — 5 j 

.'. « = 3, y « 2, and v^5 + 2v^6 « v^3 + -/2. 

(73.) 7 + 2-v/iO; 8 + 2v^7. 

(74.) 003 + 0-04 y"^ ; 87-20 ^^. 

(75.) 28-10^/3"; 2-v/^=T-2. 

(76.) 21--/- 400; 4y^-l. 

(77.) 2 + v^3; -isy^n:. 

(78.) 4-v/7; 16 + 8-v/3. 

Find the fourth root of— 
(79.) 97 + 28 yi2 ; V" - 4-/2. 
(80.) U + Sv'S; -16a4. 

Find the square root of — 



(81.) a^ + 2x^a^-x^; 2 + 2 (1 - a?) -/l + 2a? - ar». 



(82.) l + v'l-wS; xy-^^xy-a?. 

Find the cube root of— 
(83.) 16 + 8v/5; 22 + 10v'7. 



SIMPLE EQUATIONS. 28 

(84.) llv^2 + 9-v/3; 2^7 + 9^/3. 

(85.) 2-v/^-ll; 25 + 21v^3 + 17^/5 + 6^/15. 

(86.) ar^- 3a?^ + 3x* + 2a? + 3ar*- 3ay*- Gx^ + 9x^ - x^. 

(87.) Show that 2* > 3*; v^lO + v'? < V^l^ + v^3; ^^ + ^1/6 

<'^a)*<(i)'. 

(88.) Show that 2(1 + »« + n*) > 8(it + »»);»*- 1 > («-l)* 
unless n =s 1. 

(89.) Show that a + v^a > 1 + v^^, and that a*-l > a - 1 
if a be greater than nnity. 

(90.) Of the quantities ^2, ^3, j{/o, which the greatest, and 
which is the least ? 

(91.) Show that VTT « ^ "^ V^" ^ , and that g+^v^j^i. 

v^2 c + rfy-1 

ac + bd he — ad /^—^ 
* -5 — 35- + -; — ■iry'^ ^• 



SIMPLE EQUATIONS. 



vn. (i.)|..H.-i.i^,|. 

,o V 25ar + 5 8 + 2ay 3a? + 9 
^ '^ 6 5~~ "^ "~i 

, . V * - 18 2a? - 24 11a? - 34 7 

(4.) __ + __ + _^_«_ 

(6.) 2r + 12 2a.-15 £^^ 
^ ' 6 6 2 

,«x 3a? 7a? 11a? 183 



24 SIMPLE EQUATIONS. 

(7.) i^ 1-1 = 1. 
' a? ^ 2a? 3a: 24 

(8.) 10(ar + i)-6a:(^±-l)-28. 
,^. 11 -a? 19 -a? 7 2aj-14 

^10.) 3;r + 20-7-i[3-|(a?-l)]. 

/Tiv X 5a? + 4 4ar + 9 5 

/ISM \ "P S — X 1,-. . 11 _ 

(12.) — — — — (5 + ar) + — =» 0# 

^ ' 12 8 4 ^ ' 4 

y-i q \ a? a? — 1 3a? — 4 a? 

T 24" " ~T5~ ■*■ 12 ■ 

(14.) i(* + 3)-f(ll-*)-i(*-4)-A^(«-8V 

(16.) 1^ + 111. i6-£^. 

(16.) f(,-i)_i(}-«)>l4j. 

a?.) fLtl^E±1^7^^. 

o 4 D 

(18.) |(a>-6)-A('''-lS4)-16-*(19-i*). 

09.* ^_l£.r:_%2x-13J. 

rtA\ o A * 7* -9 4 17 + IT 

(20.) 3»-4--x -^-_x _^_. 

^21 ^ ~ 2a?— 1 _4_ 5af — 3 

*^ ¥ 3 "" 15 "*" ""5" * 

^22 'i 5^JI_? _ ^^ — ^ _ a? — 5 83a? — 67 
^ ■'' 3 ""7 4 "^ 83 ' 

(it's ^'''~'* 2g — 18 a; + 1 

(25.) 3i [28 - (|. + 24)] - 34 (2i + i). 

(26.) |(a,-6)-A(»-14)-6-i(9-»). 



SIMPLE EQUATIONS. 25 

^ *^ 5 2 4 "*" 20 "" 

M29.) 8} + y--| + 2*-i|? + 13 + ^-22H. 

- (30.) f (or + 2) - f [li - CH + ar)] « 4|f 
-/-Mxa^ + l * + 3 ,. 5 — a? 145? 

-(32.) Ti^(3a? + |)-f(4a;-6|)«^(5»-6). 

v(33.) ±-fL^ + ?^Jli-^ = 2H. 
^ ^ 21 3 5 7 ^'T* 

(34^ !£lli_?m?»2Q4-- + ii?. 
(34.) _ __»29}-y + ^. 

V /QK X 4j: - 21 ^, 7ar - 28 ., 9 ~ 7a? 1 

1-- 
2a? 2 a? — 1 a? 7 

•<36-) T"-l^ 2-^T^l2- 

rs'7 \ 11^ + ^2 ^ 19ar + 3 5a?-25i l7a? ~ 17 ^^ 

(28 ) ^"^^ 10a? - 13 _ 8a? -30 ^ 6a? - 4 
^ '^ a?-4'*"2a?-3 2a?-7^a?-l' 

r39 1 ^ "^ ^ _ a? + 4 a?- 6 ^ a?^— 2j?- 15 
^'^^ + 1 a? + 2'*'a?-4'* a^-9 

^ '-' 28 23a? -6 4 *" 21 42(* + 3)' 

(41.) ?£Zli+?^-5 ^ 



a?-4 jr-t-4 «2-16 

(42.) 30. , 9(9a?'-l) , Ga?' - 3 _ 9a: - ^^ 
^ ^ 2 (1-3*) (a? + 3) 2(a? + 3) 2 

/^Q\ 5a?2 + a?-3 7a;«-8a?-9 a? - 3 

(43.) 



5a? - 4 7a? - 10 35aj2 - 78d? + 40 

(44) -L-+^-:tl-.L±£»o. 



26 SIMPLE EQUATIONS. 

,.KV iar + 2 3a? -2 ISar + 11 



(46.) 



3a?-2 3a? + 2 3a? + 2 

1 2(a?+ 1) _ 16a?g + a? + 8 ^ JL_^ 

3a?-l ■*" a?2-l 4(3a;2~4a? + 1) ** 



_4 

(47.) !ll-.?-L??-l-0. 
^ ' 1 0? + 12 

0? + - 

^Ji^ ^ ^ + » 3a? + 14 ftg-24 
(^•) ^Tl2 " 3^¥ + i5^ 16 ^ "' 

0? 

^^~ 3" 16a? + 4» ^ g ^^ 23 
a? + 1^3a? + 2 a? + l' 




9a? + 31 * 

(56.) 4a? + 3 : 6x - 43 :: 2a? + 19 : 3a? - 19. 

(57.) 10 + 0? : 4a?-9 ;: 2 : 1. 

(58.) -30? + 3-16 - l-75ar « '1250?. 

(59.) -60? + -2 - -70? + "750? - -8750? + -1 « Oi 

(60.) -3750? + -05 = -2250? + *& 

(61.) '050? - -25 = "0750? - '45. 

(62.) 2'4a? - -0720? + -1 = 'So? + 9-268. 

(63.) -60? + -8 - 3-5a? + 1'5 + 4 « '^x. 



SIMPLE EQUATIONS, 87 

(64.) •Ofa--0a , •086X--005 ^ .^^ 

4 5 

(65.) -l&r - -8760? + 1*575 « "06250?. 

/cc \ 6aft 4ac 2ca? 3ac „ . 

(66.) -— + -_ —=«—- + 2ai - 6ca?. 

n 5 3 4 

(67.) ax ab^^hx -^ • 

a Aa 4 

(68.) (a + 5) (6 - a?) + (a - h) (» + *)= A 

(69.) ^-11^ - ^Zl* =, A. 
6 a a 

^Q V c + a? c — a: 55* 



(71.) 



c — a; c + a? 4(c2 — ««) 
a a 2a 



X" a 7 (ar — a) a? + 7a 
(78.) 



(72 ) ?f! — ^^ ^^[ 

X X + a 4 (a; + a) 

a?' + a* 



4a?^ — a* 2a? + a 
(71.) Ji_ + ^* 



>f 


= 0. 




21 
8 


6(a-*) 

x^^a^ 




60 


7 . 


16a? 
85 



X + a 2a? + 2a 8 



^76 ^ 20qp -t- 11a 5a? + 20a 4« 61 
25a "*" 9a? - 16a "^ 5a "*" 25* 
f 77 "i 9a? — 16a 4a? — 12a a? — 4a 



OS.) 



36a 5a? - 4a 4a 

a^ X 3a 



+ .• 



a^ + ax + a^ 'a^ — ax + x^ x{a^ + ara^ + x*) 



/TO \ ad^hc h 2a — hx 



d (c + da?) d c + dx 
(80.) 



(a? — a) (a? — c) (a — c) (a — a?) (c — a) (c — *) 

(81.) _£_(i^'l)__L-(i + ±)..^±4_ + l. 
a— 6\ X / a — c \ x / {a-^ c)x 

(82.) _J_+ 1 1 0. 

ab -^ ax DC — ox ac — ax 



(83.) 



SIMPLE EQUATIONS. 

X + e XX ae h^x 



a + b (a + ft)« a^ - If^ o» - ab^ +■ a^h - 6» 



(84.) -f— + -^_-^l±i)iLt^ = a 

^ ' 1 + a« ^ 1 + r« 1+0^ 

ar + a + A + c 1 



(85.) 

ap* + a2 + 6* + c* a? + a + ft + c 

(86.) a? + « : 0? - 6 :: (2* + a)2 : (2* - 6)«. 

(87.) 4ar + « : 4a; - 6 :: (2x + a)^ : (2j? - 6)* 

(88.) a : 6 :: (ar + 2a + 6)2 : (ar + 26 + a)'. 

(89.) 2 (a? + 12)* = 1. (90.) (lOar + 35)* - 5. 

(91.) (9a? - 4)* - 2. (92.) v'ar + 16 « 2 + v'i- 

(93.) ^4^+21- 1 + 2^/i. (94.) v'le + ar ^2^%Ti. 

(96.) 8)^7^^-16. (96.) ^sTl + ^x ^ 2^T+x. 

(97.) ^JT9.1^yJ. (98.) 4l^«^. 

(99 ) ^"9 « ^/5a?^^3 ^ ^Sa? + 3 

(lOO.J a? - v^a — v^oSTTPl 

(101.) a + a? + y2oar + «« « 6. 



(102.) -v/4a + a? + v^a? - 2 v'a + a?. 

(103.) ^1 + ar + «« + ^1 - a: + ar* - «. 

(104.) 6»-v/» + * + oiv'a + X = oa?'. 

(105.) r v^^TP + ar« - (•' - 1) a». 

(106.) * - ^a^-x - (a - l)-v/J. 



(107.) ax + yaV + 6* « \/62 + ^aV(46« + ar«). 

(108.) a« v^n^ - ^/^"^ - v^(a«-l)a?. 

(109.) -v/6 (-/«* + 3a« - v'** - 3a2) - 2aryi 

(110.) v^ar + a- ^x - a « -v/a. 

(111.) v^« - v^» - -x/ninc3 «.^"i. 



SIMPLE EQUATIONS. 
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(112.) 
(113.) 

(114.) 
CLIS.) 
(116.) 

ai7.) 

(118.) 
(119.) 
(120.) 
(121.) 

a22.) 
028.) 
(124.) 
025.) 

(126.) 
(127.) 
(128.) 

(129.) 

(180.) 
031.) 
082.) 

088.) 



V^2* - 45 « 3 -v/15 - V'2ar. 



1 — flWB 
1 



— (MS / I -^ bx _ 
■\- ax w 1 — ia? "~ 



(-/i -4P - 1) (v/1 + a? + 1) - -s/1 - «». 



V^a? + 4a + 46 + v'a: « 2 -/ft + a?. 

\a — a?/ ai' 

(a + 6)ay = (a - 6) ^1 + a?«. 

a + 09 ■■ \/a* + a?-v/4c8 + x*. 

(«i + •v'a?) Cg + i)\/ar) -i (» + m .Jx) (|? + g-v/*)» 

« + ^/a^ — 2aa7 + 6^ ■■ a + 6. 

(a - 1) (1 + » + ar2)a « (« + 1) (1 + ^ + a.4). 



fljs + \/4aj» + ap + ^93^"^ + 12a? = (1 + a7)2. 



o *h a? — ^ax ~ a?* « ^2a2 — oa? — ar* — v^2aa? + a?*. 



VV + 1 + a? v/ar — a— 4«=»l + a;. 
4flp f^a? + — ) « a (v/« + \/« + 4a?). 

v^a? + y^ - * y -^-^ - V^a? - v^J. 
^ a: + */a? 



a? + a : x^ a :: y/ac^ ^ ax ■*■ '^d' : ^x^ — 6aa? + 14a?. | 
ia? — 68 ^aa? — 6 i' 



-v/oa? + I 



(1 + a?)^ + (1 - ^)* « 2*. 
^/a + a? + i^a — a? » 6. 



v^a:» + 2aaf + v^ar^ - 2aa? « 

1 +a>» l-ff" 

+ t: ^^ a. 



^x* + 2aj 



(1 + xy (1 - xf 



SIMPLE EQUATIONS. 



(134.) 

135.) 
(136.) 
(137.) 

(138.) 
(139.) 

(140.) 

(141.) 
(142.) 

(143.) 
(144.) 
(145.) 
(146.) 

(147.) 
(148.) 



a> + yi + j' 1 

1. 



yr^ + 1 ^i + X - 1 



/ 



8a .^^ — 

-r — a? + v^Soo; — x 

1 + x 



«5? 
" 2 

l-a? 



-/l-4a?. 



l+* + V'l + «3 l-af + v^l + a» 
1 + X + */2a? + ay« 

as 1 — OOP. 

1 - a? + y 2ar + a:^ 

Kl-xJ y/ 1 + a V 1 + x" V {I + of' 

1 + a? - ^2x + x^ Jl-Y X + Jx 

1 + a? + v^2aj + «* ^^2 + « — v^a? 



g y/x + y^l -f g'^a? 
2a yi + g-a? 



1 



g — v^2ga? — a?2 , 

■ ' ■ ' - ^ o, 

a + -y2ga? — «* 



a?* g* ^* '^ «* ^^^^ 



g 

g + * 



g — dp 



— -r ' '~ 

g + v^g^ + ga? g + -v/g2 — g£ 

V^l -h a? ^ 1 v5^5Zjti 
v/1 — a? + 1 V'l + * — 1 
t/a?*-l + arv^i?^ « «». 



« 1. 



SIMPLE EQUATIONS. 



SI 



(149.) 
(150.) 

asi.) 
a62) 



s/o> + V a — i^/a' — CUP 
v/g^ — «* + g 

l + 2gy?"ri" ara-2 

y/a + hx^ + \/g - 6af* 

J . - c. 

V g + ia:* - V g - te" 



(153.) v^g + a? + ^g - # - jj/o^ + *« + V<»^ 
(164.) v^4jr -m- v^g ^ ^^ 



a55.) 
(156.) 

(157.) 
(168.) 
(169.) 

(160.) 

(161.) 

(162.) 
063.) 
(164.) 

(166.) 



v/4ar + 1 - v^4a? 

v/(l + or)* — gjj + v^(i — a?)-* + g» « ar. 

1 — ga? / I + fta? 

1 + gar V 1 - Ja? " 

» 

(1 + *) V'l + g + (1 - a?) yi - g = 2 ^/l + *•. 

(a: - g) -v/a? — (a? + g) ^6 — 6 (v/5 - v/?). 

2af« + 1 + a?v^4^ + 3 - g(2«« + 3 + *v^4j?T8), 

g + a? -♦• y2ga? + Q^ 

g + a? — \/2ga? + a:* 

?^ili2i^«i6x.3. 



(g - ar) + y2gar - ar» , 

■ a t>% 

g — * 



Va?*-l + a?v/x*-l- 2a?"\ 



r + l = 



2ga? i y/ar + g' 
g +-v/a? + g' 



g + 5 

C2 



32 QUADRATIC EQUATIONS. 



(166.) v^(l + a)* + (1 - a)x + -/(I - a)^ + (1 t- a)* - 2tf. 



a?(a + ar) - a + ar v/Za* - 1 



QUADRATIC EQUATIONS. 

vm. — 

(1.) 12a:a-44-6^ + 10^ (2.) 4«» - 4 « 28 + 2a!». 

(3.) (» + 2)2-.6-4a?. (4.) ar« + 63 - lOofS. 

(5) rrr-«-r=T- ^^-^ -i5-^~2— -^- 

(7.) a»-12* + 20-0. (8.) ««-iar + 16-0. 

(9.) a!» + 32j? - 820. (10.) 2a!»-4ar-6. 

(11.) s?-tlZx^l2^0, (12.) «»-13ar = 6a 

(13.) a:2*+ 26ar + 100 - 0- (14.) »» + 19a? = 20. 

(15.) 3ar»-ar = 102. (16.) 20a:2 + 9 « 36*. 

(17) ^^1-21. (18.) ¥-f-**' 

(19.) ft«« - 12«» - 288. (20.) 5ar< - 11*8 - 306. 

(21.) a?»-4«»-32. (22.) ar« + 42a* - 8321. 

(23.) a!a(a:2-18) = 4(a?«-12). (24.) «« - 5ar» + 6 «« 0. 

(25.) -* ?^-ii. (26.) JfL + ?£rl»8i. 

(27.) J^ + ?^^-?i?. (28.) ?£±.3--ifL-..64 

^^ fl?+1^3a?-l 69 ^^ 10-* 25-3a? '^• 

,«o\ 7 21 22 .«^v 4ar-35 36-6* ^ 

(31.) '-^^^^^-5i. (32.) ?^.i?Z^.3i. 



2 2* — 5 * ^ X a: + 5 

or + 2 7 -2a? ^2. (34 ) — « ** - 12 

a?-!*" 2a? "d' 4"a?»-l»' 



QUADBATIC EQUATIONS. 38 

(86.) _i2L_!OlL!i-x6. (86.) *"-* ••-» 



(87.) liln-liii-ssi. (sa) tl^iLl),£ii2=i5. 

a? — X 2a? ' - . ■• 



ar 


+ 1 


2a? 


4 


ar3- 
X - 


-4 
■ 2" 


•-'^ 


-2) 

-4 


8a? + 6 
8a?-5 


135 
'176^ 


8a?-5 
Sa? + 5 


a? + 


7 


7a? 


a--7 


a? — 


7 


«s-78 


~a? + 7' 



23. 



<^^->(^»2^-i^4-^^-> 

(45.) ^+^+,+ 1-4. (4fi.) ^+^ + 6(^+1). 

(47.) (3a?« + 1)8 - 9(3** + 1) - 680. 

(4«.) (a? + 8a?-')« + a? « 42 - 8a?~\ 

(49.) (*» + 6)S-4aj8^160. (50.) (a? - 5)« - 8(a?- 6)^=40. 

(51.) «»-(a + 6)* + a5 = 0. (52.) 26V + ai (a? - 1) - 252a?. 

(53.) <idx — ocas' « 5ca? — hd, 

(54.) 5c(a?-o)«- 6c-(6«-.c«)(#-a). 

(56.) 1 + JV - 4"^ (2«'« + *)• 

(56.) a»-(tf + 6-c)*«(a + 6)c. 

(67.) a(a!»-ai)-6(«8-2aar). (68.) a%x -k- ¥s? ^ iaf^, 

(59.) 9«<i*a!2-6a?6'x-6«*=0. (60.) 8* (o - x) - a (8o - 2«^). 

(61.) a(l + 2a?)-a(l-2a?)=<i?-4r». 

(62.) mq^—mnx'^pqx^iip. (63.) Bar" + 6(0 - 25) » - 9a5. 

(64.) 6a!« + 9(o-85)a?-108a5. (65.) 9aja - 65a? - o' - 6«. 

(66.) 25*2 - 105af « a» - 52. (67.) 4a!*-45a?-a* + 5a = 0. 

(68.) 6aV - 6a5a? « 5». 

(69.) 4«9-4(3a + 25)ar + 24o5 = 0. 

(70.) fiMM?'-(»« — m2)a?-fiMi«0. 

(71.) 4a?«-4i»a?-»2-m2. (72.) 4«»-12aa?+9a' - 45^ « Q. 

(73.) iM?» + ga? + 1 =» 0. (74.) afi±px -^ q^Q, 



84 QUADRATIC EQUATIONS. 

(76.) (a-6)r«-(a + *)* + 2ft-0. 

(76.) cvna^ + «5 « mfix + hx. 

(79.) r^^T^ ±. (80.) i + _L + _i_-o. 

(8X.) *^-j5f..^_<^. (82.) l,_A__^.a 

(84.) (iH^ifZL^.j. (85.) <±±4-^:i^-10«. 
« + 6 — c ^ ' (x — a)^ (a? + a)* 

(86.) ^+1 2x 



r87Y 6(g'-^) 12(a» + y)g 6a5 

(88.) (a-*)ar*+26 = (a + 6)a?. 

(89.) ^/a(»r + 6) = v^i"(iia + b). 

(90.) (a? - c) yS - (a - 6) ^cJ. 

(91.) a5a:3 4. 2yS?Ca + 6)« + (a-6)«-a 

(92.) 0? - 16 - y^ + 6. (93.) ^» - 2 = a? - 8. 



(94.) v'28a?2 + 39* + 5 = 80. (95.) a? + 2 = >/4 + a?v/8- ». 
(96.) ya^ + Sar^ + a^ « fi « 3-^8. 



(97.) ar3 - 11a? + 14 y^lla? - 2a?2 + 2 « 42. 



(98.) «8 + 11 + v"*- + 11 = 42. 



(99.) 9a? + 4 « 15*» + 2a? v^9a? + 4. 
(100.) 8;r = 8 ^TTl - 7. 
(101.) 2aj2 - 2a? + 6 ^2a^ - S^p + 2 = # + 14. 
(102.) (a2 ''xi)-\-a ^a^ - a^ = 12a3. 



(103.) ax + o-v/«2 - oa? + 62 - «» + aft. 

(104.) a?- 15 - -i:iiL. (105.) J^:;ii. « ar-8. 

v^* + 3 V'a? + 2 



<^ADRATIC EQUATIONS. 85 



(106.) (a-3»)x + » + 2yii?a? + ikia:«-0. 



(107.) «*-3a:-^«»-&r + 6 + 1. 



(108.) 3d:3 + 2v^3a^-t-d»«48-3jp. 
(109.) «- 1 = 2^5"=^. 



(110.) 9a?-4aj»+^4aja-9a? + ll = 6. 

(111.) 2*8 + ^P^ « «3+21. (112.) x^T^^ = ir2 - 6. 



ai3.) 25a^-81 - 26-v/l-«». (114.) a; ^^6 + a:* « 1 + ar^. 

(115.) f-ljv^^Z? - (x-2)«, (116.) a6 + dv^5?^r?«*2. 
a? — y/v^^9 

(117.) ^^ t=^a. 

a — ^a* — ap2 a + v^a^ — a" 



/118 ) ^ "*" ^^^ "*" ^ — ^^* 



(119.) J7 + a -f 2^09 ~ ftar. 



(120.) ^1 + « + «* + yi — a? + ap* = ««p. 



(121.) iMf-(-/l + a?-l) (-/l-jr + l). 

(122.) (ar + a)* = a*(8ar-tf). (123.) £Jlv^|^ « £. 

a? + ^x +1 11 



(124.) LLi^Lz^.i. (125.) ^^l^«i±A^l-i-f. 



(126.) g^ + 1 •*• v^^*^ -- 1 « A, 
oa? + 1 - v/a V « 1 <P 



(127.) £±V^Z^-53. 
a? — i^a^ — a' 



(1^.; . 

V a + 6ar" ^ y/a — ha^ 

(129.) fjLl+_i/^^^i 
a + a? - v^aS - a?* * 



86 QUADRATIC EQUATIONS. 

(130.) -£..^ + _4=.?l. 

(131.) ^-18 ^ (x-18)^ , 0.^ , _^| 

or* - 18* a?* (a? - 18)* 

(182.) 250_^^^g39^19^Q^ 

7a?v/j:a-9 7* 2a: 

(188.) ^ + \/^ _ g - \/a? 
a^ — a? 4 



(134.) » + 4+ /l±i__H,. 

V a? — 4 a? — 4 

(136.) «.-8««-40. <186) ^^^-(''-8)- 

(137.) a!»-l-2*«-2a?. (138.) «» + 1 - 2**. 

(139.) a?»-6a:«+ lOar-6. 

(140.) «» + 51: - 5fZlH « ?5f! 

«« 2 16 

(141.) ar* + 8a?-16*»+2. (142.) 4<»«- 4a?» + 4 « 2a?-5a^. 

(148.) af*-2jr» + ^-l-0. (144.) af* - 2ar» + a? - 132 - 0. 

(145.) a?«-l«0. (146.) 2aj»-a;»«l. 

(147.) a!»+^+jw + l«0. (148.) ar* - 2>ar - ii + 1 = 0. 

(149.) a?* - 8a;« + 10»8 + 24a: + 5 - 0. 

(150.) a:« + 5ar" + 2*«+6a: + l = 0. 

a61.) ^-^ + 2a:2-^ + i»0. 

(162.) ««-^ + 3a:8-^ + l-0. 



(153.) 


a:« + a!» + a? + l=-4<r2. 




leti^ J. ftrtT 


(154.) 


a + a: + ^Eoa: + a:* » . 




4^200: + *3 


(156.) 


a: 3: 5 


V^a: + y/a — a: -^/a: — y/a — x ^x 



(166.) -v/1 + a V'l - * - v/I - « v^l + a: - 2a. 



QUADRATIC EQUATIONS. 87 



(157.) v'^-I+^/a?2~l -aj». 



(169.) 2aj*(a» + aj^*-2a?»(a? + 2a)«a»Ca?-o). 



(160.) 



1 + 1^/2. /JL 1 



^ 3 32 



^ ^ 8a 3 V 8a 4 

(162.) v^3 + v^a? + ^4,^y/x « -/T + 2 -/*. 

(163.) (a + *) -s/o? + aj« - 6 (a - ar)2. 

(164.) v^52TT-v/i?"^«a?(ar<-l)"'* 

/■iflc \ 16 - 4<lA 88 + 33 a/p a!^ - 6ar + 11 

8 - 3 v'a? 4 + -/a? (a? — 3 v/ar) (4 + v'a?) 

(166 ) 1^ + ^^ V^^ ^ 2^ ^ 20yJ-f4r 

(6 v^i - x) (6 -v/i - a?) (3 - v^i) 3 - y/x 

f 167 ) 64 — 9 y/g 7a^ - 3a? + 4 ^ 28a; - 46 ^ J 

a: + 2 v^5 (a? + 2 ^x) x (6 + V'^) 6 + s/x 



SV'IO^- 



. (168.) y/a- + y2a? - 1 - Va? - v^2a? - 1 = _ = 

° V a? + v/iia; - 1 

(169.) _f_ + _2_=.5il 

« + * ^a + x « 

(170.) /ITIJ.^./Xf-O. 

(171.)' 2ar + ^/a? _52 g 2ar~v/a? 
2a? - -v/a? 15 2a7 + ^/i 

(172.) y^_ijn|(,hi)-a 

(m— n)8 — 4»m r 

a? — a? 

c8 



88 QUADRATIC EQUATIONS. 

(174.) a»&5ar* - 4 x (ai)* x x*""* = (a - 6)»ar«. 

(175.) (a**" + 1) (a?* - 1)« - 2 (x + 1). 

(176.) **" - a = 4f*(a + 1). 

-Li. i- 

(177.) (1 + «)«» -(I- x)««(l -««)"», 

(178.) a[(l-a?)vVT5-(l + a?)v/5^^^]-v^2 + 2^7l^ 



(179.) Vv/a + v^x + yv^a-v^ar^t/a. 
(180.) ±-2- "^ 



2 2(l + v'l + a?)« 

(181.) 4jj2 + 12a: ^TTx « 27 (1 + x), 
(182.) (a + «)*-5 X («»-a:»)* + 4<ci-*)'-a 



/ 1 i / I i i 

(183.) Y r T- 



(184.) a?-2v'ar + 2-l + V«« - 8a? + 2. 



(185.) v^arya*-a»-2a«-a:2_3a3., 

(186.) x*-^ + l«^^^. (187.) i^±fl^JL. 
^ ' 4 1 + jf » a 

(188.) <L±^^^IL^.^ 

1 +.»3 1 — «* 

(189.) <r + <») (l + ^) +2^(1- ^) =^4<^ 

^nft\ l + ar3 1— a?8 ,,^, ^ 1 + a?* 



(192.) 
(194.) 



1+ar* 
(1 + ^)*""- 


(193.) 


(1 + ^)« ^ 1 
1 + aH^ a 


1 + ** 2a? 


(195.) 


yi + a«-avl+x2 


v/1 - a?^ « 


-v/1 + a;* — dj y 1 + a- 



tlUADRATIC EQUATIONS. 39 



(196.) (1 + *)* + (! -*)*-(! -*^*- 

1. i 2. 

(197.) (a* + «*)*-(a-a?)«-6.(a*-a?*)"*. 

(198.) 16 X (a3 + 2)* + ^ « 32«2 ^. 43. 
-v/^ + 2 

(199.) ^*"^^' 



a» + o-v/^ + 6* + ^5a? - i^s - ^ v^«^ - 6a? + ^ 



« a? - a^l^ + te + ^a: - ^62 + ^ ^j^a - Ja- + 62. 



(200.) (1 + ar) yi + a + (1 - «) v^l - a - 2 v'l + a^. 

<201.) -f- + ^ =« A. 
« + ' -/a + ar a? 



) »-v/a2 + j.2_(»_i)^^„2(»-l)a2«2n-l. 
) -|- + 63x"'*-220i x«"*+49yi -1196 = 0, 



2 



^ _ _ , , ,.-1 



(204.) J^ , - V'a - \/^) a? « ("jCoi^)-* + (a25)" *) 
(205.) (af + 2)« + 2-y*(a? + 2)-3v/^ = 46 + 2aj. 



(206.) V'a + a: + t/flf - a? = fi. 



(207.) -v/2a^~aw?'-a?2-(a + a?) - ^aa?-«2 «v/2aa: + a?2. 

(208.) aj»-?^ + 26-7ar*(6-fl?). 

(209.) 4a?2-27a? + 12a?yiT7=27. 

(211.) a + ft^a? + a? « (6 - ^x) ^2a + x. 

(212.) (ar + 2 ^x)^ - (a? - 2 v/J)^ - 2 (a?2 - 4a?)*. 



(213.) (x - 1)2 + (a - 1)2 - 2(aaf + 1) « v^3(a? + of + 4mx. 



<«., (.i. 1) /..,'/■ ^j^p. 



40 



EQUATIONS INVOLVING TWO OR MORE 
UNKNOWN QUANTITIES. 

IX. (1.) 2d7 + 8y » 18, and 3dr - 2^ - 1. 
(2.) 7(df - 5) « y - 2, and 4y - 3 « i(a? + 10). 
(3.) f (2*-5f)«2y-3(ar + 2), and i(y + 3) + i(y~^) - 2(af-4). 

(4.) |.| = i6,and|.|»12. 

(5.) ?£±J^y,i6»^^"^^-^y"^and 
\ / 11 "^y ^'^ 2 6 

8 (3a? + 4) = IQy -• 15. 
(6.) 9* - -% = 8, and 0? + ^ « 7i^. 

.^v 4 3 8 _, 3 4 31 
(7.) — + — = --, and — + — «-_. 
a? y 15 a? y 60 

(8.) (ay + 5) (y+7) « (x-l) (y-9) + 104, and ^r + lO = 3y + 1. 

,Q V 6ar2 + 130 - 2V 

(9.) __-^_^«3-45r + 2x. and 

12ay -- Wx + 137 ^ 9jy - 110 
4y-l * 3y-4 ' 

(10.) 4r + %-40(ar-y), and ?~l2 + 2y-i. 

(11.) l + ±»l?.andl + l«l. 
^ "^ 3a? 6y 90 Ba? 3^ 30 

(12.) (ar + 6) (y+7) = (a? + l) (y-9) + 152, and 2j?+10 « 3y-l. 

^^•^ -5 4^-%r-12,and^ + ^^- --g--5x. 

(14.) i(x + y) + i(a? -5f) « 59, and 6* = 8%. 
^ + 6« 3^+^ 3a? ~ 2 



TWO OR MORE X^KNOWN QUANTITIES. 41 

(16.) _ _J^ = 8^-5, and 

as.) 8»-5y 2g-8y-9 y ^ 1 ^ 1 „. 

(19.) 2ir + -^ - 1-2, and 8-4r- K% > -Ol. , 

(20.) 2-4»+(>82y-22§lr±05^^^2;6+^^^ 

CK% + 0*1 ^ 0-07^ -- 0-1 
0-3 0-6 

(21.) ± + £«l = f^+lizi. 

(22.) ifL - -iE_ « fLzif, and ± - fJL|[ , i. 
a?a?+y y y 9.x 

(23.) 3a« + aa? = 6(6 + y), and <m? + 2hy - <^. 

(24.) ^ + JL « «, and i!i + JL« J. 
X y y X 

(25.) X + y ^ a, and od? = 6y. 

(26.) aa? + 6y « m, and afx •¥ h'y ^ n, 

(27) ^ + 4-l-.«,andl- + 4.-l+y. 

(28.) c(6a? + ay) s=a axy, and c (aa? — hy) « Jay. 
(29.) (a2 - 62) (3a? + Joy) « 4(a -|)2ad, and 

"'* " oTh + C« + i + c)*y « ft'a? + (a + 26)a«. . 

(30.) ±+l.JL.andl + JL.i; 
mo; 9^ a nor 9n^ 6 



(81.) 



(88.) 

(34.) 
C85.) 
(86.) 

(87.) 

(sa) 

(89.) 
(40.) 

(41.) 

(42.) 
(43.) 

(44.) 

(45.) 

(46.) 

(47) 
(48.) 

(60.) 
(51.) 
(62.) 
(63.) 



EQUATIONS INVOLVINQ 

am + ig ~ m, and <A)—Vg^ hm, 

a(a» + y»)-8(*«-y^-2a. and (o« - 6«) («» - yO = *iJ. 

(» + a) (y — i) + 2o — (» — o) (y + 6), and 

(« + «) (y - a) -< (j; H- a) (y - i). 
(c .t- y) o - & (c -y) - 2a>. and (<^ - ft^ (« - y) - 4ii«». 
(«4-y)& • a(x-ji), and (* + y)» - oc - i (|ft -t- y). 
«* — <w .)■ iy, and g* •^ bx + eg/. 
10a« - J2y« - 14ay + aB4<r-t>y + l ^^ 

6* + 8y + s" ~ 2 ' 

2v^6 + » - Sv'e-y. 
« ^t- y — Sy, and any » 18. 
* — y ~ <». "lid y (y + a) + J* «■ 0. 
«-^»2, and&iy-86. 

«-y-8, and£.-l..l?. 
y « 16 

6(*-y) - ^, and «» + 4y» = 181. 

« + 4y - 7, and «• + y» - 10. 

|^-i..nd«y-21. 

a? + y — 1, and «» — ay « 158. 

5±J=g..nd^.294. 

a?« - ay - y« - 5^, and a? - 2 - y. 

a? (x + y) « 66, and a?* - y^ » 11. 
a^ + y» = 5, and « — y « 1. 
jbS — ay » 6, and ar + y* ■= 61. 

^-^ - X and ar + y - 6. 
s^ — xif^ 2 

a^ + yS « 85, and a? + y — 6. 

i + i _ 1. «>d 1 = 1. 

« y 2 ay 9 



TWO OR MORE UNKNOWN QUANTITIES. 4S 

(54.) ar«-y* - 869, and aj2-y8 « 9. 

(55.) a? + y » 11, and *» + y8 - 341. 

(56.) ar-y-S, and«*-y«« 14560. 

(57.) «8 + ay + y2 « 14^^ and a?* + a?y + y* » 84aj«. 

(58.) ar+y«14ianda?^-y*« 14560. 

(59.) a?* + .V* « 641, and a^ + y»a? « 290. 

(60.) {a? + yS) (aJ + yS) « 455^ and * + y - 5. 

(61.) af^ + y* « 97, and a? + y - 5. 

(62.) «8 + ay + 45r* « 6, and 8aJ» + gjy" =1 11. 

(63.) a?* + y* « 17, and ar + y = 3. 

(64.) «» + y« = 33, and ar + y - 3. 

(65.) ^Jl^^.|,and:r + y.?^. 
a^ - ay + y« 3 ' "^ 2 

(66.) 2a^ + 3ay + y2 « 15, and 6a?» + 4y3 « 24. 

(67.) 2a:» + %f« « 6 - 5(2ar + 3y). 

(68.) ar«-afS+y*-5^- 312, and a^' + 2ay + y» = 49. 

(69.) a^+j^-^ an/{K + y) = 13, and (,a? -^ f)a^ = 468. 

(70.) o^ + ays = y, andy3-a? = jriy. 

(71.) a!» - 2ay + 3y8 - 9, and a:» - 4ay + 5y8 = 5. 

(72.) ar-2ay-y» » 81, and a!2 + 4fly-2y2 = 202. 

(73.) a^-i-^*-^ 3a^2 - 2ay « 1, and ar»+y8-2ay«-2y«-ar - 1.. 

(74.) «* + ay + y8 - 52, and ay - a:' = 8. 

(75.) aj» -y» « 56, and ay (a? -y) - 16. 

(76.) *» + y (ay - 1) « 0, and y« = a?(ay + 1). , 

(77.) aj + y « 4,, and (a?2 + y2) (aj» + y») « 280. 

(78.) X + y'-t ^^, aj + 2-y = 4, andy + x-ar«2. 

<79.) a?+y + «- 29, a?+2y + 3a = 62, and 6a? + 4y + 3« « 120. 

(80.) 5ar - lly* + 13«* - 22, 4r + ^* + 5«* » 31, and 
» — y* + «" — 2. 



44 EQUATIONS INVOLVING 

(81.) * + |-y. y + Y -^' ""^^ ^■'^: 

^ ^ 44 17 20 17 3520 17 

(83.) d; + 2y + 8c-:l7, 2* + % + « « 12, and 80+^ + 22 = 13. 

(84.) J^y- - 1, -£5- - 2, and -^*- - 8. 
»+y a + z y + « 

(85.) 1 + 1-1. 1 + 1^1, andl + l«l. 

(86.) a? + y + «-16, d? + y-z«3, andx — jr + z^S. 

(87.) »+y + « — 81, a? + y — «»25, and «-y-z»9. 

(88.) * + y + « » 9, a: + 8y - 8z « 7, and ar - 4y + 8^ =« 8. 

(89.) » + 2y + 3a:-22, 2a? + 2; + 8y - 17, and 3a7+y + 2z«21. 

(90.) Sir + 2y - 82, Sjy + 22 » 25, and 2j7 + 8z » la 

(91.) ar + 30 « y + 2, * + 2« - y + 30, and 3aJ+y - 2+80. 

(92.) 2» + y»3y + 2-2ar + 2« 120. 

(93.) ay = 3(a? + y), «» - 4(ar + 2), and y2 - 6(y + r). 

(94.) 1^1^±^2l, l«l + l«l?,and 

1-1 + 1-1. 
9 y 2 2 ' 

(95.) l_|.i.8^. ^.1.1.6«.and 

6» y 2 ^^ 

(96.) — + — «— , — + — «-r» "^^ — + — = — • 
a y a a z b y z c 

(97.) 4a? — ^ + m2» 7a: — lly + «2, and 

and 7« — lly + »« » * + y + ^2 -■ 8. 

(98.) a? + y + 2 - 0, (a + 6) ar + (a + c)y + (ft + c) « - 0, 
and abx + ocy + ftcr » l. 
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(99.) |.|.i.,62, |^^.i,.47.and 

4 * 6 ^ 6 ~ ^®- 
/inn ^3 4 1 ^.1 61 z + 6x ^ . 

i. - i5i - JL-iL. 
bx 10 "" ^ z' 

(101.) af-V« = ■!•» »" V - 18, and a?y« - lOar"'. 

(102.) ^ « 1, 35a? - %rz, and 7a?y - 15«. 

(103.) «y « oz"*, ojy - bz~', and a?y - «"'• 
(104.) jfr4-2y + 8z4-4»»27, 3d; + 6y4-7«-f«»48, 

&r+£|y + 102— 2«b65, and 7a;+^ + 5z + 4« » 63. 

(105.) a?+y + 8 + «-l, 16» + fi|y + 4« + 2«-9, 

81«+27y + 9« + 8««86, and 256a? + 64y + 16« + 4»-:10a 

(106.) a?-8!y + 8e-10ii-21, 2a? + 7y- « -• « 683. 

8ar+y-5« + 2«-826, and 4ar-^-22r-.9tf » 616. 

(107.) aiys - 231, xyio » 420, y^w «» 1540, and xtw » 660. 

(108.) 7a:-2« + 3«« 17, 44f-2« + ^«ll, fiiy-3ar-2« - 8, 
'^ - 8ii + 2^ « 9, and 32 + S« « 33. 

(109.) x—ay-k-a^z^cfiy x—hy-k-f^z^^lfl^ and x~Gy'{-(^z^ <?, 

(110.) '6« (a — a?) s= oy (c — «) ^ cxOf— y), and 

ay* = (» - «) (* -y) (c - «). 

(111.) a? + y + X = 3»», wy + cB%-¥yz m^ 8f»», and a?ya « m*. 

(U2.) a!»+a!y+y«=s 37, «» + ««+a» --28, and y*+y« + «*»19. 

(118.) a? + y + « - 11, «» + y» + «r » 49, and yx + Say - 3a?«. 

(114.) * + y + « « 10, aj8 + y» + x» - 88, and « - y2 + 1. 

(115.) aj» + ay+y»«18, a:* + j?« + »» = 81, and y»+yr + «2 - 49. 

(116.) a? + y + X - 13, «« + y« + «* •- 91, and y« - ara. 

(117.) ay + a « 6, fl;yx » 4, and ar> - 2y -= y* - 2a:y«. 



46 EQUATIONS INVOLVING 

(lia) jP + y + s-18, «>-»-jf* + 2^-61, and«y + M«> 2i|fit. 

(119.) jey + ifx + xt ^ 11, 2xy + 8«s + 6^ » 31, and 

7ay + 5aw + 7yx « 71. 
(120.) a? + y + »-14v «« + sf» + «»-84^and*»«jf». 
(121.) or + 2y 4- « « 19, jrS + V + «* - 133, and du - 4s^. 
(122.) of + y + x-V^ «8 + y» + ««- Jyy^ and j» « jr. 
(123.) «»-y>, (a: + y)«- «(a: + y)-8^ and 

(» + 3f + «) («-a?-y) » 7. 

(124.) »+y + t»fli, ad; + 6y+csaO, and o'dp+ftV+^x -0. 

(126.) — + — + — ■:— + -_ + —, and 
jp y s a o e 

a a y o x e 
(126.) cqr + fta; BB o, cy + 6x » a» and ok + ex ^ b, 
(127.) ay ~ 0(a; + y), a?« = ft (a? + «), and ys «» c(y + »)• 

(128.) ^•♦'^-y* ^ ay + yg - gt ^ fl» + y» - ay ^ ^^ 

a' ft* c* 

(129.) «(*+y+x) = a*, y(»+y+«)-ft'» and «(«+y + «)-A 
(180.) a?+y + ««a, «8 + y« + «?«a', and«y + «y- 2«x. 
(131.) 4ay(y + af-«) - 3, 2y« (« + y - *) = 15, and 
zx(x + «— y) =» 3. 

(132.) f^«55!.=i!L«i. 
^ ' ya** «2a?a ajy ^• 

a33.) (p^ (Z)*= -^ + 1, and t/J^ + V^ - 78. 

(134.) J!» - 6 -v/5V - 27, and a; - 2./^ « 3. 



a35.) ^-v^;^ - *, and ^ - /ll-^. 
a? + v^ar«-y8 y v 1-y 

(136.) -v/ai + -v/^ = i(a? + y), and (a!+y) « 2(a + ft). 

(187.) (» + y)» - a?* + «y + y*, and ar< + 4*V - 8«y» - 4y«- 
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(188.) v5 — -/a - * — v^y - a?, and 

v^y — OP + y/a — 9 : v^a — « :: 5 : 2. 

(189.) jw + y v/jf* - y! = a(<v/» + y + ^»- y), and 

(140.) a?*+y*-l-2a?y + 8«y, and «»+y»-l « »+2y» + 2iry». 

(141.) ari + y* = 6, and *J + y* - 126. 

(142.) a^ +.y« - 116, and a?y* + y = 14. 

(143.) V' + t/y ■ ^ "»^ a? + y » 72. 

(144.) it/« + i^/y - 8, and * + y - 9. 

(145.) y'4y-* + v^y-Jr « 2v'2y-a?, and 

8v'««-6y + 4v^y'-9« : 4^^**-^ :: 7 : 4. 

a46.) ^^^ + 5^^Zy - 1, and 
^ ^ 8y ar 63^ 

y '*"~?^"63' 
(147.) *(«" - lO - I7fl^ + 8y» + 4av^2ay-y«, and 
a^ + ^ « 2ay + 8 v^(»v^ - y v^y). 

(148.) »* + y* - 20, and »* + y* - 6. 

(149.) (a?* + y^' + 4a?y(a? +y)» - 1896, and a?-y « 4. 

(150.) ^;'*'^1ZJ^«4, and y ^ 4,^. 

(151.) x-^y ^ a, and «* + y* = 6<. 

(152.) a?y - «y « 216, and xy{x-y)^ 6. 

(163.) ajy + 4a?y « 96, and « + y = 6. 

(154.) «(» + V^) =: 208, and y (y + \/l^) = 1058. 

(166.) «2 + ay =» 6, and ay -y* = 1. 

(156.) ar2+y3 + a?y(a?+y) « 68, and ar2(ar-8) +y»(y-8) « 12. 

(157.) af» + y»-(ar+y) « 18, and «+y = 19-ay. 



48. EQUATIONS IKVOLVINQ 

(168.) €±£ _ £±y, and <9 . 8. 
10 8 

(169.) ay (a? + y) - 84. and *« + y« » 3600ar»^«. 
(160.) «» + y« « c", and * (a: + y ) = m (a? -y). 
(161.) y (a? - -/ar»-y«) « a(\/a:+y) + v^a:-y, and 

(x+y)l-(,-y)««6. 
(162.) «« + ay +y««7(«+y), and (a*-a3f+y»)-9(*-y)» 

(168.) _2L-^.„a^ = 6.. 
(164.) 1 + i _ «, and ^ + -^ - A 

* ' 1+y l-« U^ 1-y l-» IS 




(167.) ^*^ + i*f=5.«d.-,-2. 



(168.) -jfe _ 2 + 3/f±£ _ 0, and «y-64-« + y. 



(169.) -/a-vy-vy + a, and ^iS-^^Ta. 

(170.) &t» + V = 'ay. «nd at* - yjT* = ^. 

y 

(171.) box + 12y (a - jr) « 0, and «> + a? « y«. 

(172.) a^-4 - 4jyv^i--^, and (y« - -v/y) -/^ = ar* - 8. 

(173.) a^ -^^ xy •¥ y^ ^ a\ and a? + V'^ + y = *• 
(174.) (a!» + y«) («» + y») -* 456, and ar + y = 6. 
(176.) 8(a!a + y«)y „ 26ar, and 2j?(a?»-y'0 « 15y. 
(176.) v^i- -v/y « * + -/^. and (a? +y)« = 2(ar-y)«. 
a77.) (*-^2)y-2y« + «-v^(y'-l)» and 
ay(ay- 18) -4(v^xy- 12). 
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a78.) £. - y. « JLU , and i^ « i! » fLZl?. 

a79.) ^^^^±-V^3 « L±j4, and ^-12^^. 



(181.) a(l - ay) = x^l-y^ and -v/j: (1 - ay) = y - a?. 
(182.) a?** + y" = a", and ay = i^. 



(183.) « + v^3y«-ll + 2a? « 7 + 2y-y2, and 

(184.) ^ -y' : (« -y)' :: 61 : l, and xy *:» 820. 
(185.) 2 (aj» +y2) (a? +y) - 15ay, and 4 (*<-y«) (*« +y») = 75aV. 
(186.) (ar2 -y2) (a, «y) « 3^^, and (** -y<) («= -y^) « 46ary. 
(187.) yy + ^/1p : -/y - \/ar :: -/ar + 2 : 1, and 

v^y + 2 - v^i : -v/J:: 3a? + -/» + Vy : ^xy. 



(188.) af-8y-/a?3-9ay3 » (9 - 16a?)y2, and 6ar-4 « 26y*. 
(189.) ^/h^x + h^y ^10- (-/« + ^/y), and x^-¥yi = 276. 
(190.) 2\/6v/« + 6->/y + -/d? « 18 - v<y» and a? -y = 12. 



(191.) -v/(l + «)2 +y2 + V'Cl-a?)' +y2 « 4, and (4-a:»)2 + 4(^2 *= 18. 

(192.) ^W^5g ^ ^-^/g5g ^^^ ^^ 
*-yar3-y* ar + v'a^-y* 
ur (a? + y) + ^d?3 + ay + 4 ^ 52. 

(193.) /13 + --^^«:^ yC^ and 
^ ^ V 4a? Vv^ + a? 4V y» + aj 



V'af + v^a' -y - 1 =« (y + 1) (\/* - -v/ar -y - 1). 
(194.) («-2)y-v'^(y2-l) « V-*. and 
ay (ay - 18) = 4-/^- 48. 
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(196.) «y + ay» » 12, and a? + ay* - 18. 
(196.) fJLi^3.1Z.L:iv^^2. and 

2jj« + ftry - v^d^a + 3ay - 21 - 162. 

(197.) 2a? + y - 26 - v^2a? + y + 4^ and 
2jr + v^y ^ 16 ^ 2a?-- v^y 
2af - vV 15 2a? + v^y 

(198.) '-^YH = ^. and * = /|. (Lz^). 

(199.) -A + V5 - 4(-/J- VW. and «» -y« - 644. 
(200.) 2»y+yv/'^-r _ ym + yi^, and 

(201.) v^J - v'y'- 21, and {/» + J/y « 7. 

(202.) ay + -v/ajy-y* - 8(v^a? + y + ^»-y), and 

(« + y)*-(a?-y)*-26. 

(208.) >JxTy — ^/x — y « a, and ^ar + y + t/x-^y « 6. 

(204.) 8 v^JTy - 4 + 4(a; + y)"*» and v^«+y + v^«-y«6. 

(205.) 8aj» + V- 7ay, and a?* - Jy^ - ya?*. 

(206.) a?#** - ^y* -c»-<P, and aaj^ + 2y* = c+dL 

(207.) a^ + ar V^ - 208, and y» + y V^ * 1^53. 

(208.) 2V'aj»-y2 + ir+y-2(a?-l), and 16 (a?* + y«) - 84«y. 

(209.) ^H^^y ^ x-^ »yxy, and (« + y)* « 2 (a? - y)». 

(210.) (a? + y)"* r- (a? + y)""* » a, and a? - y - 5. 

(211.) «^a" +y"J~ - 2\/(aa?)'"(«y)», and xy ^ ab. 
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(212.) arV - (acr^\ and *V" - (ftc)»a". 

(213.) ajSy-4jyv^«-4-iy, and a?*- v^^(-v/«--/^) - 3. 

(214.) i^ + 5fLl£=20-«^-:!-^ and 4y-»-8. 

(216.) + y - a, and «* + y* « d<. 

(216.) (^x + v<y)= + (t^ + t/y)' - 210 + y^ (t/^ + 1), and 
(a/S- V>)» + (V*- V>)" - 126- V^Ct^^ + 1). • 



(217.) £±iLL^<^^«|.(,+y), and 

(«* + yy + « -y - 2j?(a?' + y) + 606. 



(218.) iiJLZV^^.iL, and±- /^Jlf. 

(219.) lA-±) + lA-i).l,.and 

« + y + 12 B 2fly. 

(220.) a?«+y<-3»y-2a?y-l, and jr>+y8-.2jy»ar-^-a? + l. 

(221.) ± + i . Jl, and ^ + i - 1. 

I.) «< <• UMP + fliy, and y* «> my + ikr. 

[.) af3 _^ « ^s^ and (a? + y + 5)^ + (a? -y + &)» « A 



(224.) 0(1 — ay) — a?yi — y*, and -v/4p(1 — ay) + a? — y, 
-J y-g^-yary-Sa^ ^ (2y ~ 8a?)* -f af< ^^ 



8(y-a*) (2y-8^)4-g* 

•^ + ~(*-^?-f)-^(2^^-V>). 
) («• + l)y - (y» + 1)«8, and (y« + l)ar - 9y»(^ + !)• 
(227.) a;* + 6»J5/y2 + i^J* « 128, and -/«» i^y +y-v/^= 32. 
.) *• + y» - (» + y)* X ay, and y» -v/iP « (a? + y)*. 
) asy + ag^ - 166, and 2*^'-- «¥ - 144. 
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(230.) (jr» + f)xy - 78, and #« + y* - 97. 

(231.) #« + y* « 17, and 2ay («» + y») + 8a?y - 32. 

(232.) (a? + y) (a?» + 5^ -76, and (x + y)* - 64 (a? - y). 

(233.) 6-.2yy + 2-^-(v^a?-8v<y)*, and 



.-10 y^-,-] 



1-10 /-«*-i& 
y 



(234.) 3aJ + |v^jy» + 9a;*y-(ar-^)y, and 6a?+y :y :: « + 5 : 3. 



(235.) 3»-»yL--.2y + 8«2-y, and 

^x -f-y ar 2 j? — 3 _ ^ 
2* "" 4 ";/5T^ 2»" 

(236.) l + ^ + ^ + &ctoinf.-^,and 

1 + Y (* + y)"' + ^ (^ + y)"' + Ac. - yr25: 

(237.) a}* + «y + y»-fl!», and * + a?*y* + y « 5. 
(238.) ay-^-262('i!-y-(^*,and 

2** + 1%^* + 42 (ay)* - 4> ^^ (6»* + lljr*). 

(239.) 4(*» - 1) + 4(^*- 1> - ^^* + «*) + ^ + % 

y» ar» «« «■ 

^£*_2«*_2^ 188 JL_A«y? 

yl y yi " 86 ^^j ^i / 

(240.) ay — a, «c — S, ra = o, and ajow — <!. 
27y*-l 






(241.; 
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(242.) 2(a!« + yS) « 2a? + a, and «»(a: - 2) + CSy*a?(af-.l) +y « 

2 

(24S0 a--a^»)Ml+^')-a + «2)»(l-.y2)-4a?»v^r77. and 
4jy 



i-y» 



v^2(l-«2). 



(244.) fiT .nf ^ a, and a? : « : : r ; #. 

(245.) (2 + 4ay - Sj^ « 2 - iar^yS + 3a^, and 

(aj»-l)* « (2ys + arS + 1) (2y» - a3 _ i). 



X 



(^•-A> 



VV "^ ^^2 



and 



V y V » 2 V ». 2v^ay 

(248.) ^ + 4_4(V = 140-y' Z**-^. ""^ 
. 2 /„ S\ 30 6a? 

(249.) s^Qf—y) =» (y — «) ay, and y^ (^^ _ j.) - (a? — «) Ja?. 
(250.) y*^ = Jr' (ay — Ja?), and a^ ^ ctx — hy, 

(251.) Lt^I^«y2(i«2y2), and (Ea:^ - 1) ( ^ - 1) = 8. 

(252.) a^-^-t^^xyix-^yf and yV^ -= (a? + y)*. 



(268.) a (y* ^y -^^ s/x-y) ^ xy — y ^x^ - y*, and 
%/x + y + X/x'-y = ft. 



(254.) a + 4<iy-3aj2 = v^2- ^ar^^^ + 3^» and 
6^. 2^ = 9^1.2^.1. 
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(255.) ^> ^^-i^-^^ = .g-.a6,«nd 



(256.) (j?-2)y + ar-V-y^(y»-l). and 
ary(ay-18)«4(v'^-12). 

(257.) (ary* + *)* + a?* = ff{x + 9)* + 3y, and 
*(y+l)»«4(V+16). 

(258.) V«+y + V^ - «*» «nd («»+SP)* + {^-f)^ - «*- 

(259.) (a!« + y» + c»)* + (a? -^ + e)* *= (32ay)* and 

2^ g 1 



(261.) Va?2 + ^jryT'/^*+ ^a%* = tf, and aj+y+S^Jay = *, 



I.) 6a?-a?-^5:«a-8(y-4) = 2(2-y), and 
y^.r +y _ ?f _ 2jg — 3 _ ^ 
2* 4 "* -v/H^ 2a:' 



3.) y^_x8^^_|^-^.«.v 

and y v^a? + 9 — -/ay* + a? « ar* - 8y, 



[.,(^)«].[.^n«^;r73Ji 



125-216(jgg+y«) 
216 



es 



PROBLEMS PRODUCING SIMPLE 
EQUATIONS. 



(1.) What number is that, from the treble of which if 48 be 
subtracted, the remainder is 42 ? 

(2.) To determine two numbers, such that their difference may be 
6| and the difference of their squares 76. 

(3.) Find a number such that its third part being added to it, the 
sum is less than 9 by as much as the number itself is greater than 5. 

(4.) What number is that, the double of which exceeds four-fifths 
of its half by 40? 

(5.) Find two consecutive numbers such that the half and fifth 
part of the less may together be equal to the sum of the third and 
fourth parts of the greater. 

(6.) To find two numbers with these conditions, viz. that half the 
first with a third part of the second may make 9, and that a fourth 
part of the first with a fifth part of the second may make 5. 

(7.) Of £3200., A. has £400. more than B., and B. has £200. moM 
than C. : find the share of each. 

(8.) Find two numbers in the proportion of 9 : 7, such that the 
square of their sum shall be equal to the cube of their difference. 

(9.) Required the number of which ^, ^ and ^ together are as much 
greater than 223, as ^, ^ and f of it together are less than the same. 

(10.) To divide the number 2 into two such parts, that a third of 
the one part added to a fifth of the other may make {. 

. (11.) A. and B. began to play with equal sums; A. won £1. 10*., 
and then their money was in the proportion of 13 : 7. How much had 
each when they left off playing ? 

(12.) The ages of two brothers differ by 20 years, and one is as 
much above 25 as the other is below 25 ; what are their ages ? 

(13.) Find a number of which the cube root is ^ the square root. 

(14.) Find a fraction which becomes f when unity is added to its 
numerator, and ^ if unity be added to its denominator. 

(15.) To find three numbers, such that the sum of the first and 
second shall be 7, the sum of the first and third 8, and the sum of tlie 
second and third 9. 

d2 
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(16.) Divide £64. among 8 persons, so that the first may have $ 
times as much as the second; and the third, one third as much as the 
first and second together. 

(17.) A person, dying, bequeathed his fortune^ whidi was 2800/.« 

to his son and daughter, in this manner ; that for every half-crown 
the son might have, the daughter was to have a shilling. What, then, 
** were their two shares ? 

(18.) A gamester at one sitting lost ^ of his money, and then won 
IOjv. ; at a second, he lost jt of the remainder, and then won 3«. ; after 
which he had 3 guineas left. How much money had he at first ? 

(19.) Three persons, A., B., C, make a joint contribution, which 
in the whole amounts to 400/.; of which sum B. contributes twice aa 
much as A. and 20/. more ; and G. as much as A. and B. together. 
What sura did each contribute f 

(20.) A person being asked the hour of the day, answered thus :— 
If f of the number of hours remaining till midnight be multiplied by 
4, the product will as much exceed 12 hours, as ^ of the present hour 
from noon is below 4. What was the hour after noon ? 

(21.) Two coaches start at the same time from York and London* 
a distance of 200 miles : the one frvm London travels at 9i miles an 
hour, and that from York at 1 Of. Where will they meet, and in wh^t 
time from starting? 

(22.) A person paid a bill of 1002. with half-guineas and crowns* 
using in all 202 piecea; how many pieces were there of each sort ? 

(23.) A. and B. begin to play with equal sums ; A. won 5/., and 
then three times A.'s money was equal to eleven, times B.'s. What 
had each at first ? 

(24.) Says A. to B., If you give me 10 guineas of your money, I 
shall then have twice as much as you will have left. But says B. to A.» 
Give me 10 of your guineas, and then I shall have three times as many 
ss you. How many had each ? 

(25.) A messenger starts on an errand at the rate of 4 miles an 
hour; another is sent an hour and a half after to overtake him; the 
latter walks at the rate of 4f miles an hour: when will he overtake 
the former ? 

(26.) A garrison of 500 men was victualled for 48 days ; after 15 
days it was reinforced, and then the provisions were exhausted in 11 
days. Required the number of men in the reinforcement. 

(27.) A. and B. together possess 150/. and C. has 50/. more than 
D. ; also A. has twice as much as C, and B. thrice as much as D« 
inquired the money of each. 

(28.) What number is that, of which the hal^ the fifth, and the 
seventh parts are together equfd to 59 ? 
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^.) In the election of a Member of Parliament, -^ of the con- 
stituency reftifie to vote, and of two candidates the one who U sup- 
ported by ^ of the whole constituency is returned by a nuyority of 
5 : find the number for each candidate. 

(30.) Required a number from which if 84 be taken, three times 
the remidnder will exceed the required number by a fourth of itself. 

(31.) A person spends 2s. at a tavern : he then borrows as much 
money as he has left, and spends 28, at another tavern ; borrowing 
again as much as was left, he spends 2s, at a third tavern; and repeat- 
ing this, he spends 2«., all he now has, at a fourth tavern : what had he 
at first? 

(32.) The greater of two numbers is equal to four times the less, 
and the excess of the greater over the less is 24; required the two 
numbers. 

(33.) A person pays an income tax of Id, in the pound, and a poor 
rate exceeding it by 221, lOs., and has 486/. left : find his income. 

(34.) Required, a number such, that if it be multiplied by II, and 
320 be taken irom the product, the tenth part of the remainder will 
be 20 less than the number itself. 

(35.) There are two kinds of coin, of which a sind b pieces respec- 
tively are equivalent to 1/. : how many pieces of each kind must be 
taken so that c pieces together may be equivalent to 1^. ? 

(36.) K A. and B. have between them 1200/., A. and C. 14001, B. 
and 0. 1500/. ; how much has each ? 

(37.) A tradesman, after expending 100/. a year^ augments the 
remainder of his property by one third part of it, and at the end o£ 
S years his original property is doubled : what had he at first ? 

(38.) A common of 864 acres is to be divided among three land- 
owners, A., B., C, so that A.*s share shall be to B.'a as 5 to 11, and 
that C. shall receive as much as A. and B. together; required the 
share of each. 

(39.) Divide 30 into two such parts, that one may be the square of 
the other. 

(40.) A fiirmer engaged a labourer on condition of paying him 
Is. 4(i. a day for every day he should work, and of charging him dd, 
for his board every day he should be idle. Now, at the end of a year 
(313 days) the man was entitled to 19/. 10s. Bd, How many days did 
he work ? 

(41.) Find two numbers, the sum of whose square is 100, and theur 
product 48. 

(42.) Find two numbers whose product is equal to the difference of 
their squares, and the sum of their squares, to the difiereooe of their 

€UbM. 
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(48.) A general after detatchiDfif -^ of his army to take possession 
of a hdght, and -^ of the remainder to reconnoitre the enemy, had 
1280 men left ; what was his whole force ? 

(44) Divide 10 into three such parts, that when the first is multi- 
plied by 2, the second by 3, and the third by 4, the three products 
may be equal. 

(45.) Let 10 be divided into 4 parts, such that when they are res- 
pectively divided by 2, 3, 4, and 5, the quotients will be in the same 
proportion as 6, 7, S, and 9. 

(46.) Find the fraction which, if 1 be added to its numerator, be- 
comes ^, but if 1 be added to its denominator, becomes ^. 

(47.) A person distributed p shillings among n persons, giving 9d. 
to some, and 15</. to the rest ; how many were there of each ? 

(48.) A cash, which held 60 gallons, was filled with a mixture of 
brandy, wine, and cyder, in this manner, viz. the cyder was 6 gallons 
more than the brandy, and the wine was as much as the cyder and ^ 
of the brandy; how much was there of each ? 

(49.) A cistern is filled in 24 minutes by 3 pipes, one conveying 8 
gallons more, and another 7 gallons less, than the third, every 3 
minutes ; the cistern holds 1088 gallons : how much flows through 
each pipe in a minute ? 

(50.) A fiirmer buys a sheep for £P., and sells b of them at a gain 
of 5 per cent. : at what price ought he to sell the remainder to gain 
10 per cent, on the whole ? 

(51.) A general, disposing his army into a square form, finds that 
he has 284 men more than a perfect square ; but increasing the side by 
1 man, he then wants 25 men to complete the square; how many 
men had he under his command ? 

(52.) A boy at a fair spends his money in oranges ; if he had re^- 
ceived 5 more for his money, tiiey would have averaged a half-penny 
each less, if 3 less, a halt-penny each more ; how much did he ppend ? 

(53.) The stock of three traders amounted to 760/. ; the shares of > 
the first and second exceeded that of the third by 240^. and the sum 
of the second and third exceeded the first by 360/. ; what was the 
share of each ? 

(54.) A. sets out from C. to go to D., at the same time that B. sets 
out from D. to go to C. ; A. arrives at D. a hours, and B. at C. b hours 
after they meet: in what time did each perform the journey ? 

(55.) A garrison of 1000 men was victualled for 30 days, after 10 
days it was reinforced, and then the provisions were exhausted in 6 
days ; required the number of men in the reinforcement. 

. (56.) What are those two numbers, of which the greater is to the 
less as their sum is to 20, and as then: difference is to 10 ? ^ 
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(€7.) To <find three ]niinl)en in arithmetical proffresson, of which 
the first 18 to the third as 5 to 9, and the earn a£ aU three is 63. 

(58.) There was a mn, diuring the hite panic, on two bankers, A. 
and B. ; B. stopped payment at the end of 8 days; in conaequence of 
which the alarm increased, and the daily demand for cash on A. being 
tripled, A. &iled at the end of two more days ; but if A. and B. had 
joined their capitals, they might both have stood the run as it was at 
first, for 7 days, at £he end of which time B. would have been indebted 
to A. 40002. What was the daily demand for cash oa A.'s bank at the 
beginning of the ran? 

(59.) What two nmnbers are those, whose difference, sum, and 
product are to each other as the three nutnbers 2, 8, 5 ? 

(60.) A bill of 26/. 5«. was paid with half-guineas and crowns, and 
twice the number of half-guineas exce^ed tlu>ee times the number of 
crowns by 17 ; how many were there of each ? 

(61.) One third of a ship belongs to A., and one fifth to B., and A.'8 
part is worth 1000/. more than B.'s ; required the value of the ship. 

(62.) A person sets out from A., and travels towards B. at the rate 
of 3^ miles an hour; 40 minutes afterwards another sets out from B. 
to meet him, traveUing at the rate of 4} miles an hour, and he goes 
half a mile beyond the middle of the distance before he meets the first 
traveller; find the ^stance between A. and B. 

(63.) It is required to divide 252 into three parts, such that one 
third of the first, one fourth of the second, and one fifth of the third, 
•hall aU be equal to one another. 

(64.) Two labourers, A. and B., received 5t 17*. for their wages, 
A. having been employed 15, and B. 14 days, and A. received for 
working four days lit. more than B. did for three days ; what were 
their duly wages ? 

(65.) A person expends half-a-crown in apples and pears, buying 
his apples at 4, and his pears at 5 a penny; and afterwards accommo- 
dates his neighbour with half his apples and one third of his pears, for 
13 pence. How many did he buy of each ? 

(66.) To find a number such that if it be multiplied by 10, and the 
product be divided by 13, the quotient, increased by the number itself, 
and by 80, will amount to 1000. « 

(67.) A person travels a journey at a certain rate ; bad he travelled 
half a mile an hour faster he would have performed the journey in f 
of the time, but had he travelled half a mile an hour slower, be would 
have been 2^ hours longer on the road; find the distance, and his rate 
of travelling. 

(68.) Required a number to which if one half of itself, one third of 
that half, and one fourth of that third, be fAded, the sum will be 287. 
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(69.) A person had two casks, the larger of which he filled with ale, 
and the smaller with cyder. Ale being half-a-crown, and cyder 11«. 
per gallon^ be p^id 8/. 6s, ; but had he filled the lai^er with cyder, 
and the smaller with ale, he would have paid 112. 6s. 6d. : how many 
gallons did each hold? 

(70 ) A father bequeaths to his three sons 78002., in such a maimer 
that it the share of the eldest be multiplied by 4, that of the second 
by 6, and that of the third by 8, the products are all equal ; what are 
their sliares? 

(71.) A person rows from Cambridge to Ely (a distance of 20 miles) 
and back again in 10 hours^ the stream flowing uniformly in the sama 
direction the whole time ; and he finds that he can row 2 miles against 
the stream in the same time that he rows 3 miles with it : find the 
rute of the stream, and the time of his going and returning. 

(72.) The number of a gentleman's horses is two fifths of the num- 
ber ot his black cattle, and for every four of the latter he has 11 sheup ; 
Required the number of each, the number of the sheep exceeding that 
of the horses by 141. 

(73.) A gamester lost, first, the 6th part, and, secondly, the 10th 
{)art of a certain sum of money ; he then gained the third part of the 
same sum : supposing that his gain exceeded his loss by 31., what was 
the smn ? 

(74.) A pedestrian finding that he could walk four times as fast for- 
wards as he could backwards, tmdertook to walk a certain distance 
{} of it backwards^) in a certain time. But the ground being bad, he 
lound that his rate per hour backwards was ^ of a mile less than he 
bad supposed, and that to have won his wager he must have walked 
forwards 2 miles an hour faster than he did : what is his rate per hour 
backwards ? 

(75.) A farm was rated at B*. an acre, and the tenant, on receiving 
back at his rent-day 10 per cent, of his rent, found that the sum re- 
turned amounted to 6/. more than the whole rate. The next year the 
rates were doubled, and he received back 15 per cent, ot his rent ; 
) ut he now found that the sum returned only just paid for the whole 
ate. What was the rent of the farm, and of how many acres did it 
consist? 

(76.) Two women, at the distance of 150 miles, set out to meet 
.;ach other— one goes 3 miles in the time the other goes 7 j what part 
of the distance does each travel? 

(77.) Two persons, A. and B., can perform a piece of work in 16 
.lays. They work together for 4 days, when A. being called off, B. 
is left to finish it, which he does in 36 days more : in what time would 
each do it separately ? 

(78) A company of 90 persons consists of men, women, and chil- 
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tdren; the men are 4 in number more than the women, and the 
cdiildren exceed the number of men and women by 10. How many 
men, women, and children are there in the company ? 

(79.) The owner of a balloon calculated that if he filled the enclosure 
wluch he had hired tor the day for 5/. with spectators at 2«. each, and 
two persons ascended with hnu, he should gain ^ of his outlay. The 
gas and the weather proving bad, he pays but hali the price of inflating, 
and ascends alone from the inclosure a fourth part full, and loses -^ of 
his outlay. He ascends on the ne&t day with a full baUoon, the 
enclosure f filled, and a companion with him. By the whole specula- 
tion he gained 10/. : what did it cost him to fill Ins balloon ? 

(80.) A fiurm of 864 acres is divided between 8 persons. C. has as 
many acres as A. and B. together ; and the portions of A. and B. are 
in the proportion of 5 : 11, How many acres has each ? 

(81.) There is a cistern, into which water is admitted by three cocks, 
two of which are of exactly the same dimensions. When they are uU 
open, five-twelfths of the cistern is filled in 4 hours ; and if one of the 
equal cocks be stopped, seven-ninths of the cistern is filled in 10 hours 
and 40 minutes. In how many hours would each cock fill the cistern ? 

(82.) A labourer is engaged for 48 days on the following conditions ; 
for every day on which he works he is to receive 2s, and his board, 
but for every day on which he does not work he is to pay 1*. for his 
board. If at the close of his engagement he receives 2/. 28., on how 
many days must he have worked, and on how many has he been idle? 

(83.) A merchant wishing to buy a certain quantity of pimento, 
the price of which he calculates at the rate of 81, lor 5 bags, transmits 
to his foreign agent the requisite sum of money. Before the order 
arrives, pimento has risen in value, and the money is sufficient only 
to buy a quantity less by 18 bags than that whicth the merchant in- 
tended. It appears also that 6^ bags more than -^ of the original 
quantity will now cost 10/. 7«. more than they would have done had 
the price not varied : what was the quantity intenaed to be purchased ? 

(84.) A charitable person distributed 5/. 148, amongst some poor 
women and children, giving to each woman 6«., and to each child two ; 
and the number of women was to the number of children as 4 : 7j 
how many were relieved ? 

(85.) Some hours after a courier had been sent from A. to B , which 
are 147 miles distant, a second was sent, who wished to overtake him 
just as he entered B. ; to do which he found he must perform the 
journey in 28 hours less than the first did. Now the time in which 
the first travels 17 miles added to the time in which the second travels 
56 miles is 13 hours and 40 minutes : how many miles does each go 
per hour? 

(86.) The sum of three numbers is 70 ; and if the second is divided 
by the firsts the quotient is 2, and the remainder 1 ; but if the third 
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is divided by the second, the quotient » 3, and the remainder 3 : what 
Hre the numbers ? 

(87.) A. and B. start to run a race to a certain post and back again. 
A. returning meets B. 90 yards from the post, and arrives at the 
starting place 3 minutes before him. If he had returned immediately 
to meet B., he would have met him at ^ of the distance between the 
post and starting phice : find the length of the course and the dura- 
tion of the race. 

(88.) A. and B. begin trade, A. with triple the stock of B. They 
each gain 50/., which makes their stocks in the proportion of 7 to 3. 
What were their original stocks ? 

(89.) Two loaded wagons were weighed, and their weights were 
found to be in the ratio of 4 to 5. Parts of their loads, which were 
in the proportion of 6 to 7, being taken out, their weights were then 
found to be in the ratio of 2 to 3 ; and the sum of their weights was 
then 10 tons. What were the weights at first? 

(90.) Two canal boats are despatched from the same place, the first 
at 6 o'clock in the morning, the other at 4 in the afternoon ; the first 
goes 4 miles an hour, the second 9. How many hours will the second 
boat take to overtake the first ? 

(91.) The upper spokes R and r of the hind and fore wheels of a 
cnrriHge are vertical at starting. After r has made one revolution, its 
direction is at right angles to the spoke next before JR ; and when R 
has made f of a revolution, r ascending through its second revolution 
mnkea the same angle with the horizontal line through the axle as the 
apcke next before it. Given that the diameter of the fore wheel 
: difference oftlie heights of the axles, as the number of the spokes in 
the fore wheel : 2; compare the magnitudes of the wheels, and find 
the numbei' of spokes in each. 

(92.) There are two numbers in the proportion of ^ to f, which 
being incr.astd respectively by 6 and 5, are in the proportion of § to 
^; requir^'d tl.e numbers. 

(93.) A gentleman gave away a certain sum in charity to 14 men 
and 15 women. Had the sum been less by 12»., and only half the 
number of men relieved, the rest being divided amongst the women, 
each woman would have received 2*. more than each man did ; but if 
there had been only 8 women, and the rest had been divided amongst 
the men, each nuui would have received twice as much as each woman, 
liow much money was given away? 

(94.) The garrison of 4i town threatened with siege abandoned the 
town, and retreated at the rate of 27 miles per day. Two days after* 
wards a corps was sent in pursuit, with orders to overtake the fugitives 
in 6 days. How many miles per day must the second party march to 
Accomplish their orders ? 
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(95.) A farmer's rent was 60/. a year, and his annual expenditm-^ 
(including the assessed taxes, which amounted to ^ of his expenses) 
was such that he was able to pay his landlord only SOL The year 
following his rent was lowered 20 per cent. ; the taxes also were re- 
duced one halt; and agricultural produce increased in value ^; incon- 
sequence, he was enabled to pay his rent and former debt, and to lay 
by 5/. What was his expenditure and the value of his produce each 
year? 

(96.) A person engaged to reap a field of corn for 5«. an acre, but 
leaving 6 acres not reaped, he received 2i. 10s. Of how many acres 
did the field consist ? 

(97.) When wheat was 5«. a bushel, and rye 3tf., a man wanted to 
fill his sack with a mixture of rye and wheat, for the money he had 
in his purse. If he bcught 7 bushels of rye, and laid out the rest of 
his money in wheat, he would want 2 bushels to fill his sack ; but if 
he bought 6 busliels of wheat, and filled his sack with rye, he would 
have 6s. left. How must he lay out his money, and fill his sack ? 

(US.) From the first of two mortars in a battery 36 shells are thrown 
before the second is ready for firing. Shells are then thrown from 
both in the proportion of 8 from the first to 7 from the second ; the 
second mortar requiring as much powder for 3 charges as the first 
does for 4, it is required to determine after how many discharges of 
the second mortar the quantity Of powder consumed by it is equal to 
the quantity consumed by the first ? 

(1)9.) Two persons, A. and B., start at the same time for a race, 
which lasted 6 minutes. Now after galloping 4 minutes at the same 
uniform pace at which each started, the distance between them is ^^ 
of the whole length of the course. They continue to run for 1 minute 
more at the same speed as at first ; and then B., who is last, quickens 
the speed of his horse 20 yards a minute, and comes in exactly 2 
yards before A., whose horse has run at the same uniform pace 
throughout. What is the len^h of the coiu-se ? 

(100.) A stage coach carries 6 inside, the fare outside is IBs., and 
one third of the sum of the outside fares exceeds one sixth of those 
inside by 1/. Is. S%d. An -opposition arising, the coachman loses thi'ee 
outside and two inside passengers, and also reduces the inside fare by 
5s., and halves the outside ; and then the whole loss is 71. Os. 6d. 
Find the number of outside places, and the fare inside. 

(101.) In a sea fight, the number of ships taken was 7 more, and 
the number burnt 2 fewer, than the number sunk ; 15 escaped, and 
the fleet consisted of 8 times the number sunk. Of how many did the 
fleet consist ? 

(102 ) A gentleman being asked the ag« of his two sons, answered, 
that if to the sum of their ages 18 be added, the result will be double 
the age of the elder; but if 6 be taken from the differ ence of theix 
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ages, the renudnder will be equal to the age of the younger. What 
then were their ages ? 

(103.) A cistern is filled by three pipes, A. B. C. ; the pipes A. B. 
together fill the cistern in 70 minutes ; A. C. together in 84 minutes ; 
B. .0. together in 140 minutes. In what time will each pipe fill the 
cistern, and in what time will it be filled if all three pipes are open ? 

(104.) A. entered into a canal speculation with 14 others, and the 
profits in this concern amounted in all to 595/. more than 5 times the 
price of an ori^nal share. Seven of his former partners joined him 
in a scheme for navigating the canal w^ith steam-bcKits ; each venturing 
a sum less than his tormer gains by 173/. But the steam-boats blow- 
ing up, A. found he had lost 419/. by them ; for the company not only 
never recovered the money advanced, but lost all they had gained 
by digging the canal, and 368». besides. What were the prices of 
shares in the two concerns originally ? 

(105.) To find ibur numbers such, that the sum of the first, second, 
and third shall be 13 ; the sum of the first, second, and fourth, 15 ; 
the sum of the first, third, and fourth, 18 j and, lastly, the sum of the 
second, third, and fourth, 20. 

(106.) Supposing that 32 lbs. of sea water contain 1 lb. of salt, 
how much firesh water must be mixed with these 32 lbs. in order 
that 32 lbs. of the mixture may contain only 2 oz. of salt, or ^ of 
the former quantity ? 

^107.) Two clocks are striking the hour together, and are heard to 
stnke 19 times. There is a difiercnce of 2 seconds in their time, and 
one strikes every 3, the other every 4 seconds. What is the hour 
they strike; it being obseiAred that, when the clocks strike in the 
same second, the sounds cannot be disiinguished, so as to, determine 
whether one or both strike in that second ? and that this is the case 
with the last stroke of the faster dock ? 

(108.) To divide 48 into 4 such parts that the first increased by 3, 
the second diminished by 3, the third multiplied by 3, and the fourth 
divided by 3, may be all equal to each other. 

(109.) A nmnber is expressed by 3 figures ; the sum of the figures 
is 13 ; the figure which expresses the simple units of the number ib 
tiiple the figure which expresses the hundreds ; and if 396 is added 
to the number, the sum is the number reversed. Kequired tne num- 
ber. 

(110.) The gas contractors engage to light a shop with 5 large and 
3 small burners ; but having by them only one large burner, supply 
the deficiency with 5 small ones. The shopkeeper, not finding this 
light sufficient, procures two more small bumei's, and at the same 
time agrees tor the lights to bum double the usual time on Saturday 
nights, for which additional gas he was to pay 1/. 12s, How much 
did he pay a year altogether ? 
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(111.) A cistern is to be 611ed with water from three different cocks ; 
from the first it can be filled in 4 hours, from the second in lO, and 
from the third in 15. How soon would they all together fill it ? 

(112.) A. and B. are two towns situated on the banks of a river which 
rnus at the rate of 4 miles an hour. A waterman rows from A. to B. 
and back again, and fiilds that he is 39 minutes longer on the water 
than he would have been had there been no stream. The next day he 
repeats his voyage with another waterman, with whose assistance he 
can row half as f&st again ; and they find that they are only 8 minutes 
longer in performing their voyage tlian they would have been had 
there been no stream. Bequired the rate at which the waterman would 
row by himself? 

(1 13.) Three brothers. A., B., C, buy a house for 2000/. ; C. can pay 
the whole price if B. give him half of his money; B.cdn pay the whole 
price if A. give him one third of his money ; A. can pay the whole price 
if C. give him one fourth of his money. How much has each? 

(114.) Show at what periods the hands of a watch will be together 
between 7 and 8 o'clock. 

(115.) A farmer sold a certain number of bushels of barley, and ten 
bushels of wheat, for 71, 19*. Now each bushel of wheat cost within 
3 shillings as much as two bushels of barley. He afterwards sold as 
many bushels of barley and four more, and fifteen bushels of wheat, 
and received two shillings per buRhel more for his wheat and barley 
than he did before; when he found that ifhe had received l/.4«. more, 
he should just have received twice as much as he did before. How 
many bushels of barley did he sell the first time ; and what were the 
prices per bushel of the wheat and barley ? 

(UG.) A farmer laid up a stock of com, expecting to sell it in six 
months at three shillings per bushel more than he gave for it. But 
the price of corn falling one shilling per bushel, he found that by sell-, 
iiig it he should lose the price of five bushels. He therefore kept it 
till the end of the year, and selling it at two shillings per bushel under 
prime cost, found his loss to be ten shillmgs less than his expected 
gain. Required the quantity of com laid up, and the price per bushel, 
allowing 5 per cent, simple interest. 

(117.) Two men, A. and B., set out from the same place to travel. 

A. goes in 6 days twice as many miles as B. goes in 5 days, but does 
not arrive at the end of his journey till 5 days after B. has iirrived at 
the end of his, when he finds that he has travelled 259 miles more than 

B. But had B. gone 2 miles per day more than he did, and A. stopped 
6 days sooner, A. would then have gone only 37 miles more thsoi B. 
How many miles did each travel per day, and how many days did they 
travel ? 

(118.) Bacchus caught Siledus asleep by the ^de of a full cask, and 
seized the opportunity of drinking, which he continued for two thirds 
of the time that Silenus would Imve taken to empty the whole cask. 
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After that, Silenas awoke, and drank what Bacchus had left. Had 
they drunk both together, it - would have been emptied two hours 
sooner, and Bacchus would have drunk only half what he left Silenus. 
Required the time in which they would empty the cask separately. 

^ (119.) A silversmith has three bars composed of silver, copper, and 
tin, mixed in different proportions. The pound (avoirdupois) of the 
first bar contains 7 oz. of silver, 3 oz. of copper, and 6 oz. of tin ; the 
poimd of the second contains 12 oz. of silver, 3 oz. of copper, and 1 oz. 
of tin; and the pound of the third contains 4 oz. of silver, 7 oz. of 
copper, and 5 oz. of tin. How much of each of these 3 bars must be 
taken to form a fourth, the pound weight of which shall contain 8 oz. 
of silver, 3^ oz. of copper, and 4^ oz. of tin ? 

' (120.) Two master bricklayers undertake to lay the foundation of 
a new court, each taking a certain part, and begin at the same time. 
If they had continued to work together until the whole was finished, 
it would have required only ^ of the time it actually took ; and in this 
case B. would do enough to occupy A. 3 months, and A. enough to 
occupy B.*12 months, which is 36 yards more than A. contracted to 
do. How many yards did the foundation contain ? 

(121.) A labourer engages to work for 3«. 6d. a day and his board, 
but to allow 9d, for his board each day that he is unemployed. At 
the end of 24 days he has to receive 3/. Zs. 9d, How many days did 
he work ? 

(122.) A. and B. playing at billiards, A. bet 5 shillings to 4 on 
every game, and found that after a certain nmnber of games he had. 
won 10 shillings. Had B. won one game more, the number won by 
him would have been to the number won by A. as 3 to 4. How many 
did each win ? 

(123.) A revenue cutter observes a smuggler q leagues directly to 
windward ; and gives chase, sailing at 5-^ points from the wind, and 
making tacks of 4 ^ miles. The smuggler immediately lies off on the 

other tack at f points, making tacks of _^— miles, its rate of sailing 

being to the cutter's as 1 : 4 ^^3. They sail half the above distances 
before the first tack. In what tack will the smuggler fii'st come 
w^ithin range of the cutter's guns, which carry r miles ? 

(124.) Three workmen are employed to dig a ditch of 191 yards in 
length. A. can dig 27 yards in 4 days, B. 35 yards in 6 days, and C. 
40 yards in 12 days ; in what time could they do it if they worked 
simultaneously ? 

(125.) A besieged garrison had such a quantity of bread, as would, 
if distributed to each at 10 ounces a day, last 6 w^eeks; but ha\dng 
lost 1200 men in a sally, the governor was enabled to increase the 
allowance to 12 ounces per day for 8 weeks. Required the number of. 
men at first in the garrison. 
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(126.) A man who is not aware that his watch gains miiformly, en- 
gages to ride fix)m Camhridge to London in 9 hours, and sets his 
-watch by St. Mary's at the time of starting. Upon looking at his 
watch after having gone half way, he supposes it necessary to increase 
his pace in the ratio of 4 : 3 ; in consequence of which he anives in 
London a quarter of an hour within the time agreed on. But if the 
watch had lost at the same rate, and he had looked at it at the 14th 
milestone, and then regulated his pace ac^rdingly. he would have 
been in London too late by 7 minutes. Find at what rate he set out, 
and the distance from Cambridge to London by the road»he travelled. 

(127.) A. and B. travelled on the same road, and at the same rate, 
from H. to L. At the 50th milestone from L., A. overtook a drove 
of geese, which were proceeding at the rate of 3 miles in 2 hours, and 
two hours afterwards met a stage-wagon which was moving at the 
rate of 9 miles in 4 hours. B. overtook the same drove of geese at the 
45th milestone, and met the same stage-wagon exactly 40 minutes 
before he came to the 31st milestone. Where was B. when A. reached 
L.? 

(128.) A composition of copper and tin containing 100 cubic inches 
weighed 505 ounces ; how many ounces of each metal did it contain, 
supposing a cubic inch of copper to weigh 5^ ounces, and a cubic inch 
of tin to weigh 4^ inches ? 

(129.) A landlord agrees with his steward to allow him a certain 
per centage on the rents collected, on condition that he returns half 
the same per centre on the rents not paid. The first year the 
steward's income amounts to 6 per cent, on the whole rental ; but in 
the following he finds it necessary, in order to make up the deficiency 
from his last year's income, to make a return of rents received 270?. 
under their actual value. In the third year, though the rents are re- 
duced 7^ per cent., the amount of rents not paid is the same as in the 
second year; the steward's income is only f of his first year's income, 
and to make up the deficiency he doubles the amount of his kst year's 
fraud. Required the rental of the estate. 

(130.) There are two towns, A. and B., which are 131 miles distant 
from each other. A coach sets out from A., at 6 o'clock in the morn- 
ing, and travels at the rate of 4 miles an hour without intermission, 
in the direct road towards B. At 2 o'clock in the afternoon of the 
same day a coach sets out from B. to go to A., and goes at the rate of 
5 miles an hour constantly. Where will they meet l 

(131.) A. lent B. a sum of money to be repaid with interest at the 
end of a year, and received as security Spanish 5 per cent, bonds to 
such an amount that their interest was equal to the interest of the 
debt. At the year's end B. proved insolvent, and Spanish bonds 
having fallen 40 per cent. A. found that he had lost 400/. Had they 
not fallen in value, he would have been enabled to repay himself, and 
to return to B. 250Z.; and had he been at liberty to liave sold them 
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out when they were at 50 (which was hefore the interest upon them 
was payable) he would have lost only 300/. Required the amount of 
the debt, and its interest, and the price of Spanish bonds at the be- 
ginning of the year. 

(132.) A. sets out to ride irom Newmarket to London, at the same 
time that B. and C. leave Hockcril and London to ride to Newmarket. 

A. meets B. 4 hours bef^ye C. overtakes B. ; but A. on his return from 
London, meets C. 1 hour before he meets B., on their way back from 
Newmarket. It was observed that A. rode 10 miles an hour, and met 

B. at the same place going and returning. It is required to find the 
rates of travelling of B. and C, and the distance from London to 
Newmarket; it being given that Hockeril is equally distant from 
each. / 

(133.) A. and B. row between two places, B. in a lame during 
which the minute hand of his watch moves over a certain space : but 
when the minute hand of A.'s watch has described an equal space, be 
is obliged to relax his speed, and for the rest of the distance moves 
only ^ as fast as before. When the stream which flows at a given 
rate (a) is in their &vour, the first par^ of the distance takes A. 6 
times as long as the last, but, when the stream is against him, the two 
parts are performed in equal times ; they are also performed by him 
m equal times, even if he increase his speed in the ratio of 7 : 5, 
provided he exchanged watches with B. at starting. Suppomng their 
watches to gain uniformly, find the velocities of A. and B, 



XL 

PEOBLEMS PEODUCING QUADEATIC 
EQUATIONS, 



(1.) Find two numbers whose difference is 3, and the sum of thdr 
squares 89. 

(2.) There are two numbers, whose sum is to their difference as 8 
to 1, and the difference of whose squares is 128. What are the num- 
bers? 

(3.) What mmdber is that which added to its square makes 42 ? 

(4.) The sum of the squares of the digits composing a number of 
two places of figures is 25, and the products of the digits is 12 ; find 
the number. 

(5.) In a court there are two square grass-plots; a side of one of 
which is 10 yards longer than the side of the other ; and their areas 
are as 25 to 9. What are the lengths of the sides ? 
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(6.) To find two numbers, such that the less may be to the greater 
as the greater is to 12. and that the sum of their squares may be 45. 

(7.) Find two numbers, such that three times their product is equal 
to the sum of their squares, and their quotient equal to the difference 
of their squares. 

(8.) A person bought two pieces of linen, which together measured 
86 yards. Each of them cost as many shillings per jjrard, as there 
were yards in the piece ; and their whole prices were m the propor- 
tion of 4 to 1. What were the lengths of the pieces ? 

(9.) What two numbers are those, whose difference is 2, and the 
difference of their cubes 98 ? 

(10.) The sum of three successive biquadrate numbers is 98 j find 
them. 

(11.^ There are two numbers, whose sum is to the less as 5 to 2 ; 
and whose difference, multiplied by the difference of th^ squares, is 
135. Kequired the numbers. 

(12.) What two numbers are those, whose sum is 6, and the sum of 
thidr cubes 72? 

(13.) Find two numbers, such that their sum, product, and the 
^fference of their squares may be all equal. 

(14.) There are two numbers, which are in the proportion of 3 to 
2 ; the difference of whose fourth powers is to the sum of their cubes 
as 26 to 7. Required the numbers. 

(15.) Find three numbers, such that if the first be multiplied by 
the sum of the second and thu*d, the second by the sum of the first 
and third, and the third by the sum of the first and second, the pro- 
ducts shall be 26, 50, and 56. 

(16.) There is a field in the form of a rectangular parallelogram, 
whose length is to its breadth in the proportion of 6 to 5. A part of 
this, equal to one-sixth of the whole, being planted, there remain for 
ploughing 625 square yards. What are the dimensions of the field ? 

(17.) To divide the number 11 into two such parts, that the pro- 
duct of their squares may be 784. 

(18.) The product of two numbers = a, their quotient « 6; rer 
quired the expressions for the numbers in terms of a, h, 

(19.) What three numbers are those which have their differences 
equal, their sum Id, and the sum of their cubes 495 ? 

(20.) To divide the number 5 into two such parts, that the sum of 
their ^ternate quotients may be 4^, that is, of the two quotients of 
each part divided by the other. 

(21.) The sum of the squares of two numbers is 13001, and the ^» 
ference of their squares is 1449 ; required the numbers. 
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(22.) Find three mimben in the propQriaon of ^, f. imd }, the sam 
of whose sqnares is 724. 

(23.) What nmnber added to the nnmerator and denominator of 
the fraction f in snooesnon, will make the resulting fraction in the 
former case 2^ times as great as that in the latter ? 

(24.) To find two nnmbers, such that the sum of their squares may 
be 89, and their som moltiplied by the greater may prodnce 104. 

(25.) A person bought a number of oxen for 112/. : if he had had 
two more for the money, each would have cost him 2/. 16s. less. Find 
the number. 

(26.) The sum of two numbers is 16, and the quotient of the greater 
divided by the less is to the quotient of the less by the greater as 25 
is to 9. Find them. 

(27.} A party at a tavern owed 71. 4s. ; but in consequence of three 
of them having no money, each of the rest had to pay 49. more than 
he otherwise would have done. Required their number. 

(28.) What number is that, which being divided by the product of 
its two digits, the quotient is 5^, but when 9 is subtract^ from it» 
there remains a number having the same digits inverted ? 

(29.) A draper bought a number of pieces of cloth for 33/. 15«» 
which4ie sold at 2/. Ss. a piece, and gained as much as one piece cost 
him. How many pieces were there ? 

(30.) What two fractions are those whose sum is 1, and the greater 
divided by the less gives the quotient 10 ? 

(31.) A. and B. distribute 1200/. each among a number of persons ; 
A. gives to 40 more than B., and B. gives 5/. a piece to each more 
than A. Find the numbers. 

(32.) Divide the number 49 into two such parts, that the quotient 
of the greater divided by the less may be to the quotient of the less 
divided by the greater as ^ to f . 

(33.) A vintner sold 7 dozen of sherry and 12 dozen of claret for 
50/., and he sold 3 dozen more of sherry for 10/. than of claret for 6/. 
Find the price of each. 

(34.) A detachment of soldiers from a re^ment being ordered to 
march on a particular service, each company furnished four times as 
many men as there were companies in the regiment ; but these being 
found to be insufficient, each company furnished 3 more men ; when 
their number was found to be increased in the ratio of 17 to 16. How 
many companies were there in the regiment ? 

(35.) A person bought silk for 240/. and keeping 10 yards he selhi 
the remainder for 245/., thus gaining 2s. a yard upon the prime cost* 
Find the quantity bought. 

(36.) A charitable person distributed a certain sjom amongst f 
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.poor men and women, the numbers of whom were in the proportion of 
4 to 5. Each man received one-third of as many shillings as there 
were persons relieved; and each woman received twice as many 
shillings as there were women more than men. Now, the men received 
all together ISs. more than the women. How many were there of 
each ? 

(37.) A. and B. had 100 eggs, for which they received equal sums; 
had A. sold as many as B. he ^ would have received 18^., and had 
B. sold as many as A. he would have only got Sd, How many had 
each? 

^ (38.) What number is that which, being added to its square three 
times, shall make the sum 70? 

(39.) A grazier bought a number of sheep for 75/., and after lodns 
two he sold the rest for 2s, 6(/. each more than they cost, and gained 
the prime cost of two sheep. Fmd the number. 

(40.) Required that nmnber which added to its cube shall make 
the sum 68. ^ 

(41.) Two mdes of a rectangular plot of ground are as 1 : 8; and if 
the less side be diminished by 1 yard, and the greater be increased by 
28 yards, the plot will be doubled. Find the sides. 

(42.) A merchant ventured a certain sum upon a speculation, and 
found at the end of a year that he had gained 69/. This being added 
to his stock, at the end of another year be found he had gained exactly 
as much per cent, as in the year preceding. Proceeding in the same 
manner, each year adding to his stock the gain of the year preceding, 
he found at the beginning of the fifth year that his stock was to th6 
original stock as 81 to 16. What was the sum he first laid out ? 

(43.) A person bought a number of 50/. railway shares for 900/., 
when they were at a certain discount ; and afterwards, when they were , 
at the same premium, sold all but 10 for 550/. What number did he 
buy, and what did he give for each ? 

(44.) The sum of the squares of two numbers being expressed by a, 
and the difference of their squares by 6, it is required to express the 
two numbers in terms of a, b, 

(45.) The daily receipts on a railway are 1750/. : on three of the 
trains being taken off, the receipts per train increase by 75/., the total 
daily receipts remaining the same as before. How many trains now 
run? 

(46.) A detachment from an army was marching in regular column, 
with 5 men more in depth than in front : but upon the enemy coming 
in sight, the front was increased by 845 men ; and by this movement 
the detatchment was drawn up in 5 lines. Required the number of 
men. > 

- (47.)< A. sets out to walk to a town 8 miles distantj and 30 minutes 



^ FBOBLESfS PRODUCINa 

afterwards B. is sent after him, overtakes him* and then returns to the 
place they started from at the same time that A. reaches the town. 
If B. walk 4 miles an hour, find A.'s rate. 

(48.) A number conosting of two ctigits, bdng multiplied by the 
digit on the left hand, produces 46 ; but tiie sum of the digits multi- 
plied by the same digit produces only 10. Required the number. 

(49.) If two numbers are to each other as 3 to 4, and the sum of 
their squares is 324900 ; what are the numbers ? 

(50.) A vintner draws a certun quantity of wine out of a full vessel 
that holds 256 gallons; and then filling the vessel with water, draws 
off the same quantity of liquor as beforie, and so on, for four draughts, 
when there were only 81 ^llons of pure wine left. How much wine 
did he draw each time? 

(51.y From two towns, C. and D., being distant 896 miles, two 
persons, A. and B., setting out at the same time, met each other, after 
travelling as many days as are equal to the difference of the number 
of miles they trailed per day, and it appeared that A. had travelled 
216 miles. How many miles did each travel per day ? 

(52.) The sum of the squares of two numbers is b, and the first 
numbcor is to the second as m is to n. What are the nimibers ? 

(53.) There is a number consisting of two digits, which, when 
divided by the sum of its digits, gives a quotient greater by 2 than 
the first digit; but if the d^ts be reversed, and then divided by a 
number gi eater by unity than the sum of the digits, the quotient is 
greater by 2 than the preceding quotient. Required the number. 

(54.) The difference between the hypothenuse and base of aright- 
angled triangle is 6, and the difference between the hypothenuse and 
the perpendicular is 3. What are the sides ? 

(55.) There are two numbers such that the sum of the products of 
the first by 4, and of the second by 3, is 53, and the difference of their 
squares is 15. Required the two numbers. 

(56.) In a parcel containing 24 coins of silver and copper, each 
silver coin is worth as many pence as there are copper coins, and each 
copper coin is worth as many pence as there are silver coins, and the 
whole is worth 18 shillings. How many are there of each ? 

(57. ) A number consisting of three digits, which are in arithmetical 
progression, being divided by the sum of its digits, gives a quotient 
48 ; and if 198 be subtracted from it, the digits will be inverted. 
Required the number. 

(58.) A horse-dealer pays a certain sum for a horse, which he after* 
wards sdls for 144/., and gains exactly as much per cent, as the horse 
cost him. How much did the horse cost ? i 

(59.) A fiEumer received 71. if, for certain bngbeLi of wheats and an 



QUADRATIC EQUATIONS. 7a 

equal snm at a price less by 1#. 6d, per bnshel for a quantity oi 
barley, which exceeded the quantity of wheat by 16 bushels. How 
luany bushels were there of each? 

(60.) During a scarcity, a person wished to make a mixture of 24 
bushels, consisting of wheat, oats, and barley, the quantities of each 
forming' an increasing arithmetical progression. Not being able, 
however, to procure any barley, he mixed additional quantities of 
wheat and oats, in proportion of 2 to 8, so as to complete his 24 
bushels, when he found the whole quantities of wheat and oats to be , 
in proportion of 5 to 7. How many bushels of each did he originally ^ 
intend to mix? 

(61.) To divide 20 into three parts, such that the continual 
product of all three may be 270, and that the difference of the first 
and second may be 2 less than the difference of the second and third. 

(62.) Two messengers, A. and B., being dispatched at the same 
time to a place 90 miles distant, A. rode one mile an hour more 
than B., and arrived at the end of his journey an hour before him. 
At what rate did each travel per hour ? 

(63.) The difference between the first and second of four nnmbem 
in geometrical progression is 36, and the difference between the third 
and fourth is 4. What are the numbers ? 

(64.) To find three numbers in arithmetical progresrion, such that 
tlie sum of their squares may be 56, and the sum arising bv adding 
together thrice the first, and twice the second, and thrice tne thirc^ 
may amount to 32. 

(65.) Bought a number of books, consisting of folios, quaitoa, and 
octavos, for ii6L 12«. Fourteen folios (which was the whole number) 
cost three times as much as all the quartos ; and one quarto cost aa 
many shillings as there were quartos. The number of octavos was 82, 
and their value was such, that 4 of them cost as much as one quarto. 
Required the value of each, and the number of quartos. 

(66.) To find two numbers, such that their product added to their 
sum may make 47, and their sum taken from the sum of their squares 
m»y leave 62. 

(67.) To find three numbers having equal differences, and such that 
the square, of the least added to the product of the two greater may 
make 28, but the square of the greatest added to the product of the 
two less may make 44. 

(68.) The paving of two square court-yards cost 2052., a yard of 
each costing one-fourth of as many shillings as there were yards in. a 
Bide of the other ; and a side of the greater and less together measure 
41 yards. Bequired the length of a side of each, 

(69.) Three merchants. A., B., C, on comparing their gains, find 
that among them all they have gained 14442., oitfi that B.'s gain 
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added to the square root of A.'b made 920Z., but if added totheflquor 
root of C.'s it made 912. What were their several gains i^ 

(70.) A person buying a nmnber of apples and pears, amounting 
together to 80, gave twice as much for the apples as pears; but had 
he bought as many apples has he did pears, and as many pears aa 
he did apples, his apples would have cost lOd., and his pears, 8«. 9d. 
How many did he buy of each ? 

(71.) To find three numbers in arithmetical progression, so that 
the sum of their squares shall be 93 ; also if the first be multiplied 
by 8, the second by 4, and the third by 5, the sum of the products 
may be 66. 

(72). The sum of two numbers is 2, and their product is also 2; 
what are they ? Also find two numbers whose sum is a and whose 
product is l^. 

(78.) A person exchanged a quantity of brandy for a quantity of 
rum and llZ. 6s., the brandy and rum being each valued at as many 
Shillings per gallon as there were gallons of that liquor; but had the 
rum been worth as many shillings per gallon as the brandy was, the 
whole value of the rum and brandy would have been 56/. 6f . How 
many gallons were there of each ? 

(74.) There are two rectangular vats, the greatisr of which oontidna 
20 soM feet more than the other; their capadties are in the ratio 
of 4 to 5, and their bases are squares, a «de d each of which is equal 
to the depth of the other. What are the depths ? 

(75.) A ship containing 74 sailors, and a certain number of soldiers, 
besides officers, took a prize. The sailors received each one-third as 
many pounds as there were soldiers, and the soldiers received 3il a- 

Eiece less, and 768/. fell to the share of the officers. Had the officers, 
owever, received nothing, the soldiers and sailors might have reoaved 
half as many pounds per man, as there were soldiers. How many 
soldiers were there, and how much did each receive ? 

(76.) A person employed three workmen, whose daily wages were 
in arithmetical progression. The number of days they woned was 
equal to the number of shillings that the second received per day. 
' The whole amount of their wages was seven guineas, and the best 
workman received 28 shillings more than the worst. What were 
their daily wages ? 

(77.) The sum of 700/. was divided among four persons, whose 
shares were in geometrical progression ; and the difference between 
the greatest and least was to the difference between the means as 37 
to 12. What were their respective shares ? 

(78.) A poulterer going to market to bay turkeys, met with four 
flocks. In the second were 6 more than three times the square root 
of double the number m the first ; the third contained three times as 
many as the fiirst and second; and the fourth contained 6 more than 
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the square of one-tbird of the nnmber in the third; and the whole 
number was 1938. How many were there in eaeh flock ? 

(79.) There are three numbers in geometrical progression, the smn 
of the first and second of which is 9, and the sum of the first and 
third is 15. Bequired the numbers. 

(80.) There are four numbers in arithmetical progression : the smn 
of the squares of the first and second is 34^ and the sum of the sqoarea 
of the third and fourth is 180. Bequired the numbers. 

(81.) There are three numbers, the difference of whose diffisrences 
is 5, their sum is 4A, and continued product 1950. What are the 
numbers ? 

(82.) There are three numbers in geometr i cal progression, whose 
continued product is 64, and the sum of their cubes is 584. Beqmred 
the numbers ? 

(83.) A farmer buys m sheep for £pf and sells n of them at 6 per 
cent, profit. How must he sell the remainder so as to gain 101. per 
cent, on the whole? 

(84.) There are three numbers in geometrical progression, whose 
sum is 14, and the sum of the first and second is to the sum of the 
second and third as 1 to 2. Required the numbers. 

(85.) A. and B. engaged to reap equal quantities of wheat, and A. 
began half an hour bdbre B. They stopped at 12 o'clock and rested 
an hour, observing that just half the work was done. B.'s part was 
finished at 7 o'clock, and A.'s at a quarter before ten. Supposing 
them to have laboured tmiformly, at what time did each commence ? 

(86.) A butcher bought a certain number of calves and sheep, and 
for each of the former gave as many shillings as there were sheep, and 
for each of the latter one-fourth as much. Now had he given 4 
shillings more for each of the former, and 2 shillings more for each of 
the latter, he would have paid 7/. more. But had a sheep cost as 
much as a calf, he would have expended 56f. 8s. How many did he 
buy of each, and what were their prices P 

(87.) A traveller set out from a certain place, and went 1 mile the 
£r9t day, 3 the second, 5 the next, and so on, going every day 2 miles 
more than he had gone the preceding day. After he had been gone 
three days, a second, sets out, and travels 12 miles the first day, 13 
the second and so on. In how many days will the second overtake 
the first? 

(88.) There are four numbers in geometrical progression, the 
second of which is less than the fourth by 24 ; and the sum of the 
extremes is to the sum of the means as 7 to 3. Bequired the 
numbers ? 

(89.) A fiurmer at a fiEur found the price of an ox equal to that of three 
ftheep, and that he could just dispose of 1001., bu^ng twice as many 
sheep as oxeD* But waiting till tiie evening, when the price of an ox 
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fell 1/., and of a sheep Bs. Sd,, he got for lOOl. three times as mvaf 
sheep as oxen, and increased his whole stock hy ten more than he 
would have done in the former case. How many sheep and oxen did 
\ie hay, and what was the price of each ? 

(90.) A person has two pieces of ground, one of which is in the 
form of an equilateral triangle^ and the other of a rectangular 
parallelo^^m, one side of which is equal to a side of the triangle, and 
the other side is 8 yards less. These he plants witii trees, at the 
distance of two yards from each other, and finds that there are 11 
more on the rectangle than on the triangle. What are the lengths 
of the sides? 

(91.) There are four numhers in arithmetical progression, whose sum 
is 28, and their continual prqduct is 585. Required the numhers. 

(92.) When 962 men were drawn up it two solid squares, it was 
found that the front of one contained 18 more men than the firont of 
the other. What was the number of men in each square ? 

(93.)- A gentleman bought a horse for a certain sum, and having 
resold it for 119/., found that he had gained as much per cent, by 
the transaction as the horse cost him. What was the prime cost of 
the horse ? 

(94.) A cask, whose content is 20 gallons, is filled with brandy, a 
certain quantity of which is then drawn off into another cask of equal 
size; this last cask is^then filled with water; after which the first 
cask is filled with the mixture; and it appears, that if 6} gallons of 
the mixture be drawn ofi from the first into the second cask, there 
will be equal quantities of brandy in each. Bequired the quantity of 
brandy first drawn ofEl 

(95.) There are two numbers, such that 8 times the sum of their 
squares multiplied by the less is equal to 26 times the greater, and 
twice the difi'erence of their squares multiplied by the greater is equal 
to 15 times the less. Bequired the two numbers. 

(96.) From two towns, which were 168 miles distant, two persons, 
A. and B., set out to meet each other ; A. went 8 miles the first day, 
5 the next, 7 the third, and so on ; B. went 4 miles the first day, 6 
the next, and so on. In how many days did they meet ? 

(97) Three persons divide a certain sum of money amongst them 

in this manner t A. takes the nth part of the whole, and — £. ; B. 

takes the nth part of the remainder, and Jl£., and C. takes the nth 

part of what then remained, and ~ £. ; and then nothing wbs le(t^ 
ilnd the i 
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/ (99.) A merocr sold a piece of cloth for 24/., and gained as much 
per cent, as the cloth cost him. What was the price Si the cloth ? 

(100.) Two detachments of foot being ordered to a station 39 miles 
distant, the one by marching ^ mile per hoar quicker than the other 
arrives one hour sooner. What was their speed ? 

(101.) What number is that which, being multiplied by the number 
.of its digits, equals 1012, and if 63 be subtracted from it, its digits 
will be inverted ? 

(102.) What two numbers are those whose difference being muU 
.tiplied by the difference of their squares produces 576, and whose sum 
multiplied by the sum of their squares is 2336? 

(103.) Given the sum of five numbers in arithmetic progression 
equal to 20, and the sum of their squares 90. What are the numbers ? 

(104..) The sum of three numbers in a geometrical progression is 
91, and the sum of their squares is 4459. What are the numbers ? 

(105.) The sum of two numbers is 11, and the sum of their third 
"powers 407. Required the numbers. 

(106.) A body of men are just suflScient to form a hollow equilateral 
wedge three deep, and if 597 be taken away, the remainder will form 
a hollow square four deep, the front of which contains one man more 
than the square root of the number contained in the side of the 
wedge. What is the number ? 

(107.) A vessel whieh was leaky was furnished with two pumps, 
which, being worked by A. and B., A. took 3 strokes to 2 of B.'s ; 
but 4 of B.*s threw out as much water as 5 of A.'s. Now, had they 
pumped together, they would have emptied the vessel in 3f hours ; 
but B. first worked for as long as it would have taken A. to empty 
the hold alone, then A. oommenced alone, and cleared the hold in 13^ 
hours from B.'s commencement ; but he pumped 100 gallons less than 
he would have done if they had both pumped together. Required 
the quantity of water in the hold, and the hourly leakage. 

(108 ) A dealer bought a number of bushels of wheat, expecting to 
sell it in 6 months, at a profit of 3«. per bushel ; but prices having 
fallen \s. per bushel, he found he should lose the price of five bushels. 
He then kept it 12 months, and sold it at 2s. per bushel under prime 
cost, and found that his loss was 10«. less than his expected gain. 
Now, if interest be allowed at 5 per cent.^ what was the quantity and 
^rice of the wheat bought ? 

(109.) Out of a vessel containing 24 gallons of brandy there were 
drawn, at three successive times, a number of gallons, forming an 
ascending arithmetic series, and the difference of the squares of the 
Extremes was equal to 16 times the mean ; the cask having been filled 
up with water between each draw, it was found that the last draw 
was only one mxth of its original strength. Required the number of 
gallons of pure hrandy drawn each time. 

S 
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(110.) P., Q., B., repreBent three candidates at an election. <)• 
polled as many plompen wanting one, as the split votes betwixt P. 
and B. exceeded those betwixt himself and B. ; and the number of 
split votes betwixt Q. and B. was one more than twice the number 
betwixt Q. and P. If P. had not voted for himself and B., but for 
B. only, and if 6 others who split betwixt P. and Q. had voted for Q. 
only, Q. would have just beaten P., and would have been 48 below B* 
The number of voters was 1841, of which 565 gave plumpers. Be- 
quired the number ot plumpers for each candidate, and the §aal state 
of the poll. 

(111.) There is a number consisting of three digits^ of which the 
first is to the second as the second to the third; the number itself is 
to the sum of its digits as 124 to 7 ; and if 594 be added to it, the 
digits will be inverted. Bequired the nmnber. 

(112.) Find two numbers whose product is equal to the difference 
of their squares, and the difference of their cubes equal to the sum of 
their squares. 

(118.) The length of a rectangular field is to its breadth as 6 : 6; 
one sixth part of the area bnng planted, there remains 625 square 
yards. What are tho sides of tbe field ? 

(114.) Find two numbers such that the product of the greater and 
the cube of the less may be to the product of the less and the cube of 
the greater as 4 : 9; and the sum of the cubes of the numbers may 
be 35. 

(115.) A ship with a crew of 175 men set sail with a store of water 
sufiicient to last to the end of the voyage. But in 80 days the scurvy 
made its appearance, and carried off 3 men every day ; and at the 
same time a storm arose, which protracted the voyage 3 weeks. 
They were, however, just enabled to arrive in port, without any 
diminution in each man*s daily allowance of water. Bequired the 
time of the passage, and the number of men alive when the vessel 
reached tbe hiEu*bour. 

(116.) There are three numbers, the difference of whose differences 
is 5, thdr sum is 20, and their continual product 180. Bequired the 
numbers. 

(117.) Five persons undertake to reap a field of 87 acres. The 
five terms of an arithmetical progression, whose sum is 20, wiU 
express the times in which tbey can severally reap an acre ; and they 
altogether can finish the undertaking in 60 days^ In how many daya 
cun each separately reap an acre ? 

(118.) The fore-wheel of a carriage makes 6 revolutions more than 
the hind-wheel in going 120 yards; but if the periphery of each wheel 
be increased one yard, it will make only 4 revolutions more than the 
hind-wheel in the same space. Bequired the circumference of each. 

(119. ) A number of persons purchased a field for 3452. The young* 
est contributed a certain sum, the next 5/. more, the third 52. more thui 
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the second, and so on to the oldest For the greater aooommodataon of 
the seniors, the field was divided into two ports, the younger half, 
taking a portion proportional to the sum they had subscribed : and in 
order that each might have an equal share in this portion, the^ agreed 
to equalise their contributions, and each to pay 22/. Bequired the 
number of persons and the sums paid by each. 

(120.) Some bees were sitting on a tree ; at one lime the square 
root of half their number flew away. Again eight-ninths of the 
whole flew away the second time; two bees remained. How many 
were there? 

(121.) The number of deaths in a besieged garrison amounted to 6 
daily ; and, allowing for this diminution, their stock of provisions wa^ 
sufficient to last for 8 days. But on the evening of the mxth day 100 
men were killed in a #ally, and afterwards the mortality increased to 
10 daily. Supposing the stock of provisions unconsumed at the end 
of the sixth day to support 6 men for 61 days; it is required to find 
how long it would support the garrison, and the number of men alive 
when the provisions were exhausted. 

(122.) D. sets out from F. towards G., and travels 8 miles a day ; 
after he had gone 27 miles, E. sets out from G. towards F., and goes 
every day ^ of the whole journey; and, after he had travelled as 
many days as he goes miles in one day, he met D. What is the 
distance of the two places 1 

(123.) There are three numbers, the difference of whose differences 
is 3, their sum is 21, and the sum of the squares of the greatest and 
least is 137. Bequired the numbers. 

(124.) Three persons A., B., and C.,.went into a gaming house; 
the sums which they severally had were in a decreasing geometrical 
progression. Upon quitting it, they found that the sums which they 
then had were in a decreasing aiithmetical progresnon; that what B. 
had remaining was to what he had lost in proportion of the sum to the 
difiiereuce of what he and C. had at first ; and that C. had neither 
won nor lost. If C. had won what A. lost, he would then have had 
64/. more than A. had remaining; also, the whole sum which they 
had remaining was to what they had lost as 6 : 7. Required the 
sums which they had at first. 

(125.) A cistern can be filled by 8 different pipes ; by the first in 
14 hours, by the second in 3^ hours, and by the third in 6 hours; in 
what time will this dstem be filled when all three pipes are open at 
once? 

(126.) There is a number consisting of two digits, which, when 
divided by the sum of its digits, gives a quotient greater by 2 than 
tiie tens or second digplt; but if the digits be inverted, and the 
resulting number be divided by a number greater by unity than the 
sum of the digits, the quotient is greater by 2 than the proceeding 
quotient. Find the number. 

S2 
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(127,) Find fonr mimben winch exeeed one another by mity, such 
that their continaed product may be 120. 

'(128.) Two boys set off in opposite directions from the right angle 
of a triangular field, and ran along the sides withcmt varying their 
Velocities, which were in the ratio of 13 : 11. They met in the middle 
of the oppoute side, and afterwards 80 yards from the point where 
they started. Required the lengths of the mdes of the field. 

(129.) On January 1st, 1799, a certain beggar received from A. as 
many groats as A. was years old, who repeated a similar donation 
every January for the seven following years, during the last of which 
A. died, his ahns to the poor man having in all amounted to 
7/. I8s, Sd. Required in what year he was bora, and his age at his 
death. 

(180.) A person boueht 2 cubical stacks of eKnrer for 41/., each ot 
wmch cost as many shillings per solid vard as there were yards in a 
side of the other, and the greater stood on 9 square yards more than 
the less. What was the price of each ? 

(181.) A. and B. were travelling along rectilinear roads» which 
intersected each other. A. had proceeded a yards past the intersection^ 
of the roadd, when B. arrived at it; after an interval of m minutes^ 
A. was exactly on the left of B. ; and n minutea afterwards, B. was on 
the right of A:, and b yards distant from him. Supposing them never 
to have varied their speed, at what rate did each travel ? 

tl82.) From each of two bags, containing a certain number of beHs 
respectively, a person draws out a handfiil, and finds that the number 
remaining in the greater is exactly the cube of that remaining in the 
less, and exactly the square of one handful. He then draws out of 
the greater until he finds that the number remaining in it is exactly 
the square of that remaining in the less; and, also, that if he now 
emptied the greater into the less, its original nnmberwill be increased 
by two-thircb. What was the number of the bdb in each bag at 
first? 

(183.) A finrmer laid up a stock of com, expecting to sell it in 6 
months at 38. per bushel more than he gave for it. But the price of 
(;om fidling Is. per bushel, he found that by selling it he should lose 
the cost price of 5 bushels ; he therefore kept it to the end of the 
year, and selling it at 2«. per bushel under prime cost, found his loss 
to be 10«. less than his expected gain. Required the quantity of 
com laid up, and the price per bushel, allowing 5 per cent, mmple 
interest. 

(134) There are three towns. A., B., and C, the straight lines 
joining which form a right-angled triangle, B. being situated at the 
right-angle, and the distance from A. to B. being the least of the 
three. A pedestrian making a circuit of them, at a unifijrm rate, 
finds that the time of his going from A. to B., t(^ether with the time 
of going frbm B. to C, exoe^ the time of C. to A. by 2 hours and' 
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40 minutes. A eoach, which left A. 4 hovn after the pedestrian, to 
make the same drcoit, overtakes him at the eud of the 8th mile from' 
B. to C., the rate of the coach being three times that of the pedes- 
trian; and after reacliing A., and waiting there 6 hoars and 40, 
minutes, it starts again to make the same circuit, and arrives again at 
A., exactly at the same time with the pedestrian, who had rested 4 
hours at C. Find the distances of the towns from each other, and 
the rates of travelling of the pedestrian and coach. 

(135.) Three boats A., B., C, start in a race at the same instant ; 
B. being 20 yards behind A., -and C. the same distance behind B, A. 
and B. set off at an uniform rate, 0, advancing 1 yard less than A. at' 
every stroke. But B. took 7 strokes to 6 of A.*s or C.'s. and increased 
its speed besides by 3 inches every stroke ; so that by the time A. had 
token 42 strokes, B., though it had lost 16 yards by steering, was only 
1 yard behind A. At this time B. was observed to tall back, and its . 
velocity decreased twice as fast as it had increased before ; whilst C, 
quickening its strokes at the same instant in the ratio of 6 : 7, and 
gaining each stroke as much velocity as B. lost, at the end of 28 . 
strokes overtook B., which had lost 11 yards more by st^erii^g. Find 
the vdodties with which they started, and the number of yards each . 
made per stroke at first. 

(136.) Two persons, A. and B., on comparing the distances they 
had travelled, tbuud that the square of the number of miles which A. • 
usually walked per hour exceeded the square of the number which B. 
usually walked by 5 ; and that if to the square of the product of those 
numbers there be added the square of the sum of their fourth powers* 
augmented by the product of the square of the difference of their , 
squares into the square of the product of the numbers themselves, the 
aggregate amount would be 10345. How mai^ miles did each walk ^ 
per hour ? 

(137.) A., B., C, D., are four rough diamonds ; the value of C. in 
;;ounds is 52 less than the weight of A. in carats, and the value of C. 
md D. in pounds is equal to the weight of B. in carats ; after being 
jut, each is found to have lost half its weight. The dust from A. and B. 
is worth Sbl. ; the value of A. is to the value of C and D., and the 
dust from A., as the value of B. is to the value of the dust from B. 
A diamond weighing one carat when rough is worth 3/. when cut, and 
:il. when imcut ; the value is proportional to the square of the weight, 
and a carat of the dust is worth 11, Find the value of D. when cut. 

(138.) There are two sorts of metal, each being a mixture of gold 
and silver, but in different proportions. Two coins from these metals ^ 
of the same weight are to each other in value as 11 to 17 ; but if to 
the same quantities of silver as before in each mixture double the 
former quantities of^ld had been added, the values of two coins from . 
them of equal weights would have been to each other as 7 to 11. * 
Determine the proportion of gold to silver in each mixture, the values 
of equal weights of gold and silver being as 13 to 1. 
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(189.) From the towns C. and D. two trayellen A. and B., set oat 
to meet each other, A. beginning his journey 8 honrs'tnoner than B. 
They meet at the distance of 20 miles from D., and A. reaches D. one 
hoar before B. arriyes at C. The next day, B. having begnn to return 
at an early hour, meets A., who had then performed only f of his 
journey biu^k ; and, notwithrtanding a subsequent deky of 3 hours, 
arrives at D. soon enough, were it necessary, to go 28 miles fiurther 
before A. reaches C. Required the distance between the towns^ and 
the rate at which each person travels. 

(140.) A person sets off to walk from Cambridge to London, at the 
rate of 8| miles an hour. In 2| hours he is overtaken by the Times, 
and at 10 minutes before 10 o'dodc by the Fly; after resting 2^ 
hours on the road, he starts again, and meets the Times on its return 
from London, and half a mile farther, the Fly, at 20 minutes past 5. 
Supposing the Times and Fly to have started fiom Cambridge at 6 
and half-past 7 o'clock respectively, and from London at 8, determine 
the distance from Cambridge to London, and the rates at which the 
coaches travelled. 

(141.) A stable-keeper bought 2 horses for 50^., and at the end of 
the year sold one of them for double, and the other for half what he 
gave for it. The former being well fed and lightly worked, produciHl 
tor its hire only the half of what it cost him, and consumed in keep as 
much per cent, on its price as the hire of the other produced on its 
price, the latter being kept for f of as many g^eas as it sold for 
pounds. The keep of the two amounted to 33^., and the whole sum 
that he made by the horses was tf times his profit on the sale. What 
did each horse cost P 

(142.) From the middle of a town two streets branched off and 
crossed a river that ran in a straight course, by two bridges, A. and 
B. From their junction a sewer, equally iuclined to both streets led 
to a point in the rivei* at the distance of 6 chains from the bridge A., 
md a distance from B. less by 11 chains than the length of the sewer; 
Ihe expense of making it amounted to as many pounds per chain, as 
there were chains in the street leading to A. The sewer, however, 
iidng insufficient to carry off the water, an additional drain was made 
from a point in tliis street distant 4 chains from the bridge A., which 
entered the river at the same point with the sewer, and was equally 
inclined to the river and sewer. Now it was found that a drain down 
the middle of each street, at the rate of 9/. per chain, would have cost 
only 64/. more than the expense of the sewer. Required the lengths 
of the streets and the sewer, and the distance of its mouth from the 
bridge B. 

(143.) A., B., and C, were three architects; A. and B. built 4 
warehouses, with flat roofs, each a large one and each a small one ; 
the Mddth of the two large ones being the same, and also that of the 
two small ones. A. built his as long and as high as they were broad : 
but B. made the length and height of his small one equal to the 
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breadth of his large one, in rach a manner that the difFeranee between 
the solid content of those built by A. and those built by B. was 78728 
feet. C. also built a warehouse upon a square plot of ground which 
which was equal to the difference between the g^nnd plots occupied 
by those whidi A. built, and found that it would have just stood upon 
2688 feet square, if he had added 8 times as many square feet to the 
ground plot as there were feet in its width. How many feet wide 
were the several buildings erected by A., B., and C. P 

(144.) Into a cubical cistern, eight feet deep, and havhig an unknown 
leak, water is poured from two pumps worked by two men, A. and B. 
They pump together till the vessel is half filled, when B. Mis asleep; 
A. continues pumping till it is three-fourths filled, and then goes 
away; B. afterwards waking, finds the cistern still half full, and after 
pumping till it is again three fourths filled departs also, and meeting 
with A. charges him with leaving his work unfinished. They return 
together and find the water 1^ inch lower than when B. left. The 
leak is now discovered and stopped, and by their jcnnt efforts the 
vessel is filled in half the time in which they had worked together at 
first. They remark also that 10^ hours had elapsed since they first 
b^an pumping, and that B. had worked alone twice as long as A. 
bad. Supposing that a cubic foot contains 15f gallons^ find the 
quantity of water thrown in by each pump. 

n.45.) A steamboat sets out from London 3 miles behind a wherry; 
and when at the same distance a-head of it, overtakes a barge fioating 
down the stream , and reaches Gravesend 1^ hours afterwards. Having 
waited, in order to land the passengers, ^ of the time of coming down, 
it starts to return, and meets the wherry in f hr., the barge being 
then 5i miles a-head of the steamboat ; and occupies the same time 
in retimiing to London that the wherry did. in coming down from 
tiience. Required the distance between London and Gravesend, and 
the rate of each vessel, the tide being supposed to run out uniformly 
the whole time. 

(146.) A regiment in which there are between 10 and 100 officers 
and twice as many Serjeants, in clearing the streets during a revolu- 
tion, loses 2 officers ; and after storming a barricade, in which 3 more 
fell and one accidently joins, is obliged to retreat, and loses other 3. 
Whilst engaged in clearing the streets, the liabilitv of an officer to 
fiiQl is half that of a Serjeant or private ; but at the barricades as 
4 : 3, and in the retreat as 3 : 4. Also, on leaving their barracks, 
the number, whose left hand digits are the seijeants and right the 
officers, is 20 more than 10 times the number of privates ; but in 
coming back (including the officer who joined) it is only 13 more, the 
number of officers being still greater than 10. Required the state of 
the regiment at first. 

(147.) In the first eruption of the Thames into the Tunnel, the 
water rose in the vertical shaft 8 times as fast m in the horizontal 
levels in the second eruption. It was observed also, that if the levelg 
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at the second influx had been 110 feet longer, the velocilaeg of the 
water asoeuding in them in the first and seoond eruptions and when 
thus increased would have formed an arithmetical progression, the 
common difference of wluch was -k of the difference of the velocities 
with which the water rose in the shaft in the two eruptions (that in 
the second being the greater) ; and had the levels been of the same 
length at the first as at the second eruption, the whole time 
of filling would have b^n half as long again. The tuimel consists of 
two equal levels, terminated by a vertical shaft of twice the breadth 
of either of them ; the sections of the shaft and levels are supposed to 
be squares, and the height of the shaft above the upper surface of the 
levels to equal twice its breadth; the time of filling in the first 
eruption being 10 minutes less than in the second. Find the time in 
the second, and the dimensions of the tunnel. 

' (148.) There are two vessels, P. and Q., containing quantitaes of 
fluid in the ratio of 4 : 21, which consist of mixtures of wine and 
spirits in different proportions : A. pumps a certain quantity out of 
P. into Q., and then B. pumps out into Q. f of what was left ; the 
strength of the mixture Q. is then found to be -^ of its original 
strength. Now, if when A. stopped, B. had pumped the saipe 
quantity as before out of Q. into P., instead of P. into Q., the strength 
al the mixture P. would have been exactly a mean proportional 
between the original strengths of P. and Q. ; and B. would have 
pumped out the same quantity of wine that he did before of spirits. 
Find the proportions of the wine and spirits in each of the vessels 
at first; and compare the quaiitities pumped out by A. and B., the 
strength of spirits being supposed 3 times that of wine. 



xn. V 

INDETERMINATE EQUATIONS AND 

PROBLEMS. 

'Find the integral values of the unknown quantities which satisfy 
the following equations : — 

(1.) 7*-^ -9. 

TT 5y + 9 , 2y - 2 

Here* - -2y- - y + 1 - 2l_, 

and Sty— 2 must be a whole number; let then y 8» 

2y-2 14 „ , ^ 

.*. -—; — « —- a 2, and * « 7. 

7 7 
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If y«15, then * - 15 + 1 - 4 - 12; 

and the values of y will be 1, 8, 15, 22, &c 
„ X „ 2, 7, 12, 17, Ac 

(2.) 5* - 7y - 21. (3.) 11a: + 35y = 500. 

(4.) 14r - By » 7. (5.) 27a? + 16y « 1600. 

(6.) 80a? - 17y « 39. (7.) 3a? + 5y - 26. 

(8.) 19a? - 117y « 11. (9.) 11a? + 13y - 19a 

(10.) 7a? + 13y = 71. (11.) 13a? + 16y « 97. 

(12.) 11a? + 7y - 108. (13.) 49a? - 15y = 11. 

(14.) 10a? + 9y « 1000. _ (15.) 20a? - 21y = 38. 

(16.) 19a? + 11 « 14y. (17.) 11* - 18y = 63. > 

(18.) 5a? + 7y - 29. (19.) 2a? + 3y = 35. 

(20.) ar + 13y - 159. (21.) 17a? - 4% + 8 - C. 

(22.) 5a? + 8y - 78. (23.) 4a? - 5« + 10 - 0. 

(24.) 20a? - 21y = 38, and .Sy + 4« = 34. 

(25.) 5a? + 45f + z » 272, and 8a? + ^ + 3« = 656, 

(26.) a? + 2y + 3« « 20, and 4a? + 6y + 6ar = 47. 

(27.) 2a? + 14ty - 7« = 341, and 10a? + 4y + 9« = 473- 

(28.) 2a? + 5y + 3« = 108, and 3a? - 2y + 7a = 95. 

(29.) a? T 2y + 3a « 20, and 4a? + 6y + 6a = 47. 

(30.) 6a? + 7y + 4a » 122, and 11a? + 8^ ^ 6a <-145 

(31.) 20a? - 21y » 38, and 3y + 4a = 34. 

(32.) 7ay-3y-5a = 39. (33.) 3jy-7x-7y=.5 

(34.) 10a? + % + 7a = 58. (35.) Sag^ = 3aj + 24. 

(36.) a^ + 2a? + 3y » 42. 

(37.) Find a mimber which, being divided by 39 and 56, leave^ 
remainders 16 and 27 respectively. 

(38.) Find the nomber of solutions of IL? + 1^ — 1031 in positive 
integers. 

(39.) If a? » 3, y » 5, find the possible number of integral solu- 
tions of the equations 3ar + ^ = 29, and 7a? — 2y »■ 11. ' 

(40.) Find two fractions, with 7 and 9 for their denominators, whose 
sum is ^; and three fractions, having denominators 3, 4, 5, 
whose sum is ^. 

(41.) Find the number of int^ral solutions of 2ar + 3y » 35. 

(42.) Find the number of integi»l solutions of 20a? + 15y + 6a » 171. 
B5 
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(43.) Find a number which, bang divided by 89, leaTOi a ranainder 
16, and divided by 66, leaves 27. 

(44.) In how many different ways can 202. be paid in half-g^nineaa 
and halfocrowns ? 

(45.) In how many ways can 140Z. be paid in guineas and five- 
shilling pieces only ? 

(46.) A number of men and women contributed to a charity SOL ; 
each man gave 19f., each woman 11#^ How many were there 
of each? 

(47.) A person bought sheep and lambs for 8 guineas ; the sheep 
cost 26s, each, the lambs 15«. How many of each did he buy ? 

(48.) A farmer selling live stock consisting of oxen and horses, sold 
each ox for 8/., each horse for 27/., and all the oxen for 97/> more 
than all the horses. How many oxen and horses did he sell ? 

(49.) Required to pay 50/. in guineas and three-shilling pieces only. 

(50.) It is required to find a number such that if it is divided by 11 
the remainder is 8, and if by 17 the remainder is 10. 

(51.) Find the number of solutions that 9ar + ISty - 2000 will 
admit of in positive integers. 

(52.) Find a number which, being divided by 39, leaves a remainder 
16, and by 56 a remainder 24. . 

(58.) Show that the solution of ojp + ft^r «■ o in po^tive intiegers is 
always posrible if a be prime to 6, and e > ah ^{a + ^, 

(54.) Find two numbers such that their sum shall be equal to the 
sum of their squares. 

(55.) How many firactions are there having 3 and 4 as denominators, 
whose sum is 3:^ ? 

(56.) Find a number which, being cUvided by 3, 4 &> snocesnvely, 
leaves the remainders 2, 3, 4. 

(57.) Find three square numbers which form an arithmetic pro* 
gression. 

(58.) Find a perfect number, or one which is equal to the sum of all 
the numbers which divide it without remainder. 

(59.) Find the least number which, being divided by 17 and 26, 
shall leave remainders 7 and 13 respectively. 

(60.) Required two square numbers whose Afferenoe shall be equal 
to a given square number (b^). 
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(61.) Ilnd the leagt whole number which, being divided by 28, 19» 
and 15, shall leave remainders respectively 19, 16, 11. 

(62.) I^d the numbers which, when divided by 2 and 3, leave the 
remainders 1 and 2 successively. 

(63.) i^d the least number which, being divided by 3, 6» 7, and 2, 
shall leave for remainders 2, 4, 6, and 0, respectively. 

(64i.) Find two numbers, such that if the first be multiplied by 17, and 
the second by 26, the first product shall exceed the second by 7. 

(65.) In a foundry two kinds of cannon are cast ; each of the first 
sort weighs 16 cwt, and each of the second 25 cwt. ; and for 
the second kind there are used 100 lbs. of metal less than for 
the first. How many are there of each kind. 

(66.) IKvide the number 1591 into two parts, such that the one 
may be divisible by 23 and the other by 34. 

(67.) Eequired three numbers, such that if the first is multiplied by 
7, the second by 9, and the third by 11, the first product shall 
be 1 less than the second, and 2 greater than the third ? 

(68.) Required three numbers, such that the sum of their products by 
the numbers 3, 5, 7« respectively, may be 560, and the sum of 
their products by the numbers 9, 25, 49, respectively, may be 
2920. 

(69.) ]^nd a number, N, wluch, being divided b^ 11, gives the re- 
mainder 3 ; divided by 19, gives the remainder 5 ; and divided 
by 29, gives the remainder 10. 

(70.) Find two square numbers whose sum Is a square. 

(71.) Find two square numbers whose difiference is a square. 

(72.) In how many ways can a person pay a bill of 12/. in crowns 
and guineas ? 

(73.) In how many ways can 80/. be piud in guineas and sovereigns ? 

(74.) In how many ways can 1000/. be paid in crowns and guineas ? 

75.) In how many ways can 500/. be piud in guineas and 5/ notes ? 

(76.) A regiment of foot (less than 1000), when put in column with 
13 . men in front, wanted 9 men to complete the last rank ; 
with 15 men in front, then 14 were wanting; but with 17 
men in front, the rsmks were complete. What was the 
strength of the regiment ? 

(77<) Is it posdble A pay 100/. in guineas and moldores (worth 27«.) 
only? 
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I owe a penon Is , and hare notldiig abonfc me but aovcragii% 
and he nodimg hat daUai% worth 4c. 34. eadi ; how most I 
discharge the debt ? 

(79.) A man boittht 20 biids far 209., eonsisting at geese of 4s.» 
quails at 6£, and snipes at Sd. each. How msny had he of 
each? 

(80.) A jeweller wishes to mix gold of 14, 11, md 9 carats fine, so 
ss to form a composition dTSO oc in weight of 12 csrats fine. 
Und all the wajs in which this can be done in whole nnmbera. 

(81.) A person bays 100 head of cattle lor 100^., via. oxen at lOL 
eadi, cows at 6L each, calves at 21. each,'and sheep at lOt. 
each. How many of each did he bay ? 

(82.) A fimner bays 120 head of cattle, pigs, goats, and sheep, for 
4O0i. Each pig costs 4/. lOv^ each goat 3/. St.; and each 
sheep 11. bt. How many are there of eiich kind ? 

A person wishes to bay 20 animals for 20l.» sheep at Sit., pin 
at 11#., and rabbits at It. each. In how many ways can he do 
so? 

(84.) A fiuiner went to market with 100/. to bay geese, sheep, and 
ozen,'at It. each for the geese, 1/. for the sheep, and &L for the 
oxen. How many of eadi did he buy ? 

(85.) A fiirmer bays horses and oxen, and gives 31 crowns for each 
horse, and 20 crowns for each ox, and he finds that the oxea 
cost him 7 crowns more than the horses. How many of each' 
did he bay ? 



XTTT. 

LOGABITHMIC AND EXPONENTIAL 
EQUATIONS. 

Find the value of x and y in the following equations : — 

(1.) 12* -168. *-*^ 

.'. log. 12 - log. 168» 

, 2*225809 ^^ 

and X — ' » 2*08. 

1079181 

(2.) 10»-1250. (8.) (16)*-1250, (16)*«1000/ 
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(4.) 14* - 6%f, 17* - 87y. (5.) 2* X a*' - 660, 6» - 7y. 

(6.) 20* -100. (7.) «**+*» -c. 

(8.) 2* « 769. (9.) a"«x5~-c. 

(10.) a^*=5. (11.) Log.«-ilog.a-ilog.ft. 

(12.) 21og. ar + 21og.y » 6, 2 log. jf - 2 log. ^ « 1. 

(13.) 8* X 9* = 4-9. 

(14.) Log. d; » 2ii log. a + 2m log. 5 — 2p log. o. 

(15.) 2*+^ + 4* = 80. 

(16.) 7^ '=2401,6* ^ = 1296. 

(17.) (7 X 9-^)* - (864)*. 

(18.) Log. a? = log. n + log. y, oar + 5y » 0. 

(19.) (a + 6)^ X (a* - 2a«ft« + M)*"^ = (a - ft)**. 

(20.) Log.ioaf = 8 1og.^o«-2. 

(21.) Jc"^ = a*"*. (22.) «*• + ! = a**. 

(23.) a^-^l^a'. (24.) a?* - y, «« « y. 

(25.) (flO* X (ft«)y « <7, Mor - my. 

y 
(26.) a?* = y, a?» = y«. (27.) 8*+^ « 20 x 2*, 2a? = ^. 

(28.) 8^ X 58*-* « 7*-* X ll'*-*. 

(29.) 8^-**+*^ - 1200. (30.) «*+y = y*«, 5f*+y - *« 

(31.) 2a^ + a^^a^. 

(32.) (v/^)*^^+*^^«(x/y)*, (x/y)*^'-'*^^ « (x/i)*. 

(33.) o' - a-' = 2c. (34.) a?*- «"* - 3 (1 + a?"*). ^ 

(35.) tf* X ft*' = *, iM? = mjr. (36.) cf^ k b^ ^ r, iw - ffly- 

(37.) y*-**, »• = /. 
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XIV. 
RATIO, PROPORTION, AND VARIATION. 



(I.) Which 18 the greater of the two ratios, 15 : 16, or 16 : 17; 
8 : 6, or 6 : 8, and 19 : 20, or 20 : 21 ? 

(2.) Comparetherati0B7:8andl0:ll; 19 : 25 and 56 : 74. 

(3.) Whenx :y :: 2 : 1, which is the greater, 2aa? : 3b^or3a:2b? 

(4.) Show that alb > ax ibx +y; bat < axlhx-^y. 

(5.) Prove that a* + 6» : a« + 5« > a» + 5* : a + ft. 

(6.) Which is the greater of the ratios, a-^ xla-^x and 
o' + a* : a' — «», a being > xl 



(7.) WhichUthe>, l±£ar-Jf-5 %ZJ^orllll-7 
a a + X ar^ar a^ — a^ 

(8.) Show that the ratios of (a ± a?)*, (a±oey are nearly equal 
respectively to a + 3ar and a + 4x ; and that of 

(a + fl?)i (a + 0?)* to a + ^ and a + * . 

t 
(9.) Find the ratio compounded of a: x, x ly, and y : 6 j also of 
X + aix + b, and a{x + b) : b (x + a), 

(10.) Find the ratio compounded oi a+xl a—x, a^-t-a^ : (a+xY, 
and (a?-*«)«:a«-:r*. 

(11.) U a:b>e:d, show that a + e lb + d< a : b, hat >e:d, 
(12.) If a be the greatest of the four proportionals a,b,e,di show 
that a + d > 6 + c;'and that a** + d* > 5" + c\ 

(13.) Prove that a — xla + xia > or < ofl-^ a^ : a^ + jfi, accord* 
ing as a : ar is a ratio of less or greater inequality, 

(14) If i»4. 8howthatiJL*=l+i 
6 a a^ b 0-' d 

(16.) If £.«£.- ±, prove that a : ft :: a + c + « ; ft + d*/- 

(16.) If ■!«£, prove that ^±^ _n^o + nd 
o d jMt ±qb " po ±qd 
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(17.) If iL „ ±, show that a : c :: a* : 5«, and a : d:: a? : 6». 
o a 

(la) Showthatif ((» + ft)a:(a-6)»::6 + o:6-e, 

then a :b i: ^2a — c : ^/e; 

and if a : 6 : c : d, 

then v'a — 6 : ^c — d : : v^a — ^d : ^c — ^3, 

(19.) If (a + ft + c+.cO(a-*-c+<0 - (a-b + o-d) (a^h^e^d), 
show that a : 6 : : c : (/. 

(20.) If ar : V :: a? : 6», and a : ft :: yr+lt : VSTy, show that 
cy ^ ax, 

(21.) Fonn into proportions the equations 

ab — a^ — sfif and ** + y> = 2aa?. 

(22.) If 07 he to y in the duplicate ratio of to 6, and a be to 6 in 
the sah-dnplicate ratio of a + a; to a ~ y, then 

(23.) Find two numbers in the ratio of 3 to 5, such that the difference 
of their squares : difference of their eubes : : 8 : 147. 

(24.) Find two numbers in the ratio of 9 : 16, such that when each 
number is increased by 15, they shall be in the ratio of 2 to 3. 

(25.) Find two numbers which are to each other as 8 : 4^ and their 
sum : sum of their squares : : 7 : 50. 

(26.) If V;-^Vy « ^Z^x^^m^l^ ^ 
then ± = Lijv^. 

y 2 

(27.) If Xy the first of three magnitudes, a?, jr, c, oc yz, and 
y^ cc dne, then or a s^. 

(28.) Jf 8cc^ when / is constant, and tctf when t is constant, 
also 28 »/ when ^ — 1 $ find the equation between/, «, t. 

(29.) A jmssenger in a railway train obsenres that another train on 
a parallel line moving in an opposite direction occupies S'' in 
passing him ; but when in the same direction, it occupies 80". 
Compare the speed of the trains. 

(30.) Jf ifccx, and when « » 8, y * 21; find the equation be* 
tween x and y . 

(31.) If xyccsfi + y*, and when «- 8, y «4; And the equation 
between x and y. 
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(32.) If^rocaV-o^, and when ai^-a'-^s, ay-6«S Bnd th^ 
eqnation between a? and if. 

(33.) Ify*«jr»-a», andwhena?-(a^+6S)*, y ts— ; reqnipea 

the eqnation between x and y. 

(84.) It ^cLx, and when x *^ a, y» ± 2a; find the equitkni be- 
tween X and y. 

(85.) If cy + i|y » Off + <2^, show that drocy. 

(36.) If ar QC y and y oc «, show that 

{ax + hy ■¥ oz)<x, \h (opy)* + * {xz)^ + ^(y*)*]. 

(87.) If o + 6 QC a — J, show that a^ + 6^ oc a5; and if ax 6, ahow 
that a? -1)^9: ah. 

(88.) There are two Vbasels, A and B, each containing a miztnre of 
water and wine, A in the ratio of 2 : 3, B in the ratio of 3 : 7. 
What quantity must be taken from each in order to form 'B 
third mixture which shall contain 6 gallons of water and 11 of 
wine? 

(39.) If two globes of gold, whose radii are a and a', are melted and 
formed into one solid globe, what is its radius ? 

(40.) The value of diamonds ac as the square of their weights, and 
the square of the value of rubies ac as the cube of thdr weights ; 
a ^mond of a carats is worth m times a ruby of h carats, and 
both together are worth £c. Find the valuee of a diamond 
and ruby, each weighing x carats. 



XV, 

ARITHMETIC, GEOMETRIC, AND HARMONIC 

PROGRESSION. 

In an ArUhmetie Proffregtitm, if a be the first term, d the common, 
difference, n the number of terms, I the last term, and ^ the sum of 
f» tenns; then 

Z-a+(«-l)d; S = [2a + («-l)(r]±.. 

2 , 

Find the sum of the following Arithmetic Series :— 
(1.) 2 + 4 + 6 + &c. to 16 terms. 
(2.) 1 + 8 + 6 + Jbcto 100 terms and n terms. 
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,(8.) i + ^ + ^ + &C. to 7 terms and 14 tenng. 

(4) -6-8-1 + &C, to 8 terms. 

(S-) | + A + Tfe + ******^ tenns. 

(6.) izl + 'LlA+!Lzl + &xi.tontmaM. 
n n n 

(7.) 6 + ^ + 6 + && to 25 terms. 

(8.) 116 + 108 + 100 + Ac. to 10 terms. 

(9.) ^-f-^- Ac to 13 terms. 

(10.) ^*-l-(-&c. toSO terms. 

(11.) i, i, i, &c, to 8 terms and 16 terms. 

(12.) ^ + f + f + &c. to8 terms and 20 terms. 

(13.) f , If + &c. to 10 terms and n terms. 

04.) 
(16.) 



a-b 

a+ b 


+ 


3a -2ft 
a + b 


a + 


#• 


•&c. 


ton terms. 


n-l 
n 


+ 


n 


•-5 , 

+ &c. 

n 


ton 


terms. 



(16.) (a + «)" + (a* + «*) + (a — a?)* + &c to « terms. 

<"'(i-T)-(i-"-^)*(i-->')^''-' 

» terms. 

(18.) The sum of an arithmetic series being 1455, the first term 6, 
and the number of terms 30 ; find the common difference. 

(19.) The sum of an arithmetic series is 91, the common difference 2, 
and the last term 19. Find the number of terms. 

(20.) The first term of an arithmetic series is 34» the common 
difference If, and the sum 22. Find the number of terms. 

(21.) What number of terms of the series 54, 51, 48, &c. must be 
taken to make 513 ? 

(22.) Required the number of terms, when the first term is 7, the 
common difference 2, and the sum 40; 

(23.) Required the number of terms when the 8um»2*749, the first- ■ 
term '034, and the common cUfference '0004. * 

(24.) Find 3 numbers in arithmetic progression whose product « 120, 
and sum 15. 
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^) Write doivB the wnamA nd imath terns cf tlM 
■efki^ iHioie fifth and ninth temif sre 1 and d. 

(26.) If the fom of three nomhen m srithmetic progreakm be 15^ 
■od the ffam of the iqnsres 113; what ure the nambers? 

(27.) Find three nrnnben m arithaictic fognMinn iHioee wimie 24> 
and their prodnet 48a 

(28,) The fint two terms of an arithmetic aerieibemetogeCher»18, 
and the next term being 12, how many terms bee^uBi^ wiUi 
the first most be taken to make 78 ? 

(29.) Thefirsttermisfl^—fli-i-l, the common ^fferenee 2; find the 
smn of • tennSb 

(dO.) Insert 7 arithmetic means between 1 and— 1» 

(3L) Insert fiyor arithmetic means between 2 and— 18. 

(32r) The fifthandninth termsof an arithmetic aeries are 13 8nd25 i 
find the seventh term. 

(33.) If the smn of three numbers in arithmetic progreB Bi on be 30, 
and the smn of their ■^[iiares d06> what are ue numbers? 

(34.) If the smn of » arithmetic means between 1 and 19 is to the 
smnofthefint (»— 2)ofthem:: 5 : 8; find the series. 

(36.) Diride ^ (« + 4) into m parts, ao that each term shall exceed 

the preceding one by a conmion difference. 

(36.) Find fonr numbers in arithmetic raogresaon, such that the 
product of the extremes shall be 27, and the product of the 
means 36. 

(87.) If fonr numbers be in arithmetic progression, whose sum is 24 
and product 946, what are the numbers ? 

(38.) If the nth and mth terms of an arithmetic progresnon be m 
and » respectiyely, find the number of terms whose sum is 
^ . («>+•) . (m+fi—l), and the kst term of the series. 

(89.) The sum of the first n terms of a series in arithmetic pro* 

greadon is (fia-2-ii X ft)-4-7. Find the series. 

(40.) If a steam engine is observed to pass over 4 feet in the first 
second, and 88 feet in the sixtieth second of its motion, how fiir 
will it travel in the first minute, suppomng its motion to be 
increased each second by a constant quantity P 
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(41.) The (» + l)th term of an arithmetic series is ^"^^^ , Re- 



quired the sum of the series to (2n + 1) terms. 

(42.) Insert 3 arithmetic means hetween 1 and 11. 

(43.) Insert 9 arithmetic means hetween 1 and —1. 

(44.) The sums of n terms of two arithmetical prog^ressions are as 
13— 7» : 1 + 8ff ; show that their first terms are as 8 : 2, and 
their second terms as — 4 : 5. 

(45.) The sum of the first two terms of an arithmetical progression 
is 4, and the fifth term is 9 ; find the series. 

(16.) The first two terms of an arithmetical progression being together 
18. and the next three terms 12 ; how many terms must he 
taken to make 28 ? 

(47.) If the latter half of 2n terms of an arithmetical series is equal 
to one-third of the sum of 8fi terms of the same series, then 
11=6. 

(48.) The difierence between the sums of m and n terms of an arith- 
metical progression : the sum of m + n terms lim—nl m + n. 

(49.) Determine the relation between a, b, and e, that they may be 
^respectively the|7th, qth, and rth terms of an arithmetic series. 

(50.) If S, S\ S" be the sums of three arithmetic series, 1 be the 
first term of each, and the respective differences be 1, 2, 8 ; 
prove that 5 + 5" = 25'. 

(51.) If there he p arithmetical progressions, each begpinning from 

unity, whose common difiereuces are 1, 2, 8 pi shew 

that the sum of their nth terms is 

-i.[(i.-l).l>2 + (n + l).;,]. 

(52.) If a and b are respectively the first term and common dif- 
ference of an arithmetic series, S^ the sum of » terms, '^i^^i 
the sum of (fi + 1) terms, &c ; prove that 

^n ■*" ^n+t "*■ '^n+2 + &©•**> n terms -• 
(3i»-l).».|. + (7»-.2).(«^l).i..|.. 

(58.) If 5j, S^, S 5p he the sums of p arithmetic pro- 
gressions continued to n terras, and their first terms be 
1, 2, 3. 4, &C., and their common difiereuces 1, 8, 5, 7, Ac; 
shew that A\ + 5^ + 5', + .. .. + 5 * i.(<^p + l)«p. 
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(54.) In an arithmetic series if the (p + q)ih term be » m, and the 
(p— £)th « n, ahow that the jith term « — 5— > aad the jth 

term ■» «,— (w — ») i . 

(55.) S^, S,, S^.,.. S^tae the amn of m arithmetic progressionB 
to n terms, and their first terms are respectively 1, 3» 5, Ac, 
and their common differences 1, 3, 5, 7; shew that 

S^ + 5a + S,....+ 5^-y(« + l). 



ZVI. In a Qeometric Progremon, if a be the first term, r the com- 
mon ratio, » the number of terms, and S the snm of 11 terms; then 

S ■» a , and the nth term — aur^ ; 

r — 1 

but if r be a proper fraction, and n ■= infinity, then S = • • 

Find the sum of the following series :— 

(^•) i» *» A> *«• to 8 terms. 

(2) i* i» |» ^ to 6 terms and infinity. 

(3.) 4-2 + l-&ctol2 terms. 

(4.) ^ + ^ + A + &c to 10 terms and infinity. 

(5.) 8—1 + ^ — &c. to8 terms and infinity. 

(6-) i + 3^ + ^ + &c. to 10 torms and infinity. 

(7.) l-2ap + 2a?*-2«» + &cto infinity. 

(8.) \/| - \/i + i v^i ~ &c. to 10 terms and infinily, 

(9-) J-\/J + l + &c.to8terms. 

(10.) 2 + V8 + -v/2 + &c.tol2terms. 

(11.) 3 + 9* + 8* + Ac to » terms and infinity. 

(12.) V^il+ -JL^ + ^ + &c.to infinity. ' 

(13.) 1-1 + 4- Ac to infinity. 
(14.) 1+2-1 + ^- &c to infinity. 
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(16.) • -2-^*+ i=^*'-&c. to infinity. 

(17.) (-)*- (|-)*+ (|.)*+ Ac to infinity. 

(18.) «'*.+ ««'+« + a?^+^ + Ac to » tenns. 
(19.) »-3r + -^--^+&c. to» terms. 

(20.) , ^ , + :J: =. + =^ =r- 

v/2(l + v^2) (1 + -/2) (2 + ^/2) (2 + v'2) (3 + 2^2) 

+ Ac to infinity. 

(21.) Find 8 geometric means between 2 and 32. 

(22.) i^d 8 geometric means between i and 128, and 9 and ^ 

(23.) Find a mean proportional between 2 and 18, and *05 and -2. 

(24.) Find 8 terms in geometrical progression, whose sum is 14, and 
the snm of their squares 84. 

(25.) Find the nth term and the sum of fi terms of the series 1, 5, 
18, 29, 61, &c, and 1, 3, 7, 15. 31, &c. 

(26.) If the difference of two numbers is 48, and the arithmetic mean 
exceed the geometric by 18 ; what are the nmnbers ? 

(27.) If the second term of a geometric series be 4 and the fifth 256, 
find the series. 

(28.) If the snm of 3 numbers in a geometric progression be 7, and 
the sum of thdr squares 21, what is the series ? 

(29.) If the product of four numbers in geometric proffresnon be 64 
and the sum of their products taken 2 together be 70, what is 
the series ? 

(30.) Insert three geometric means between 1 and }, and between 
100 and f|. 

(31 .) Find a geometric series such that the sum of the first two terms 
shall be 1^ and of the next two 12. 

(32.) In a geometrical progression, if the (p + q)tli term » m, and 

the (p— g)th term =» n; then will the pth term « ^mn, 

p 

/ n V« 
and the jth term « « I ~ J • " .. 
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(83.) If the jithiidgthtermflof a geumetrical p rogrearion be Paod, 
Q, then will the irth term « ^^ V~'> and the som 



ofstemis B ^. 






(94) If a, i, and c be the jpth, gth, and rth termfl of a geometrical 
progressioD, then wiU a«"'' b""-^ c«*-« « 1. 

^5.) Insert three geometric means between 219 and 8159; ako, 
between 37 and 2997. 

(36.) In the geometrical progresdon (a?— y) + ( 5 / "*" *^ 

ahowthatthesnmofii terms : sum (nainf.) :: s^-^y^ : s?^, 

(87.) Show that the nth term of JL + JL + _J^ + 4c « -4=. 



and the snm of » terms s — -^ ( — _. ) 



(38.) 8howthat|.-l + |.-&c.toinf.«i.. 

(40.) Sliowth«ti + _L^_i_4ctoinf.-l(*-^^^>- 
* 6 ,/— 1 1* 16 

(«.) Showthat _fL_ + — 2f-_ + — 2£_ + 4c. toinf.- 
(l + ir)» (l + x)»+^ (I + «)"+» 



(!+»)' 



i«-l 



HAKMONIO FBOQBESSIOir. 99 

(18.) In a geometrical progreanon, ihow that 



r 



-1 ^«-i 



(48.) Find the geometrical progrearion, when the sum of the first and 
second terms is 9, the sum of the first and third is 16 ; and 
show how many terms of 6 + 4 + 2} + &c. amomit to 18. 

(44.) In any geometrical progression, consisting of an odd numher of 
terms, tne sum of the sqnares c^ the terms is equal to the sum 
of all the tenns multiplied by the differenoe of the odd and 
even terms. 

(46.) In any geometrical progresnon, the snra of the first and last 
terms is greater tham we snm of any other two terms equi- 
distant firom the extremes. 

(46.) If 5^, S^, 8^, Ac, S^f be the sums of • geometrical pro* 
gresnons, whose first terms are a, 2a, So, Ac, na; then will 

(47.) If €t, h, 0, d, ACf he n quantities in geometrical progression^ 
tlienwill_ — ^ -, ~ — —,&c be in geometrical pro* 

1 a** — i*" 

gression, and the sum of » terms will be--- — -.. z^ — 1~. 

(48.) If ihe arithmetic mean between m and b be twice as great as 
the geometricj 

then£-?jL4. 

(49.) If a, h, e, <{, «, be in Sarmomo JProgreBnon, then 
a : e y, a — b ', 6 — c; 
b ', d \\ b ^ o : c — d; 

and thdr reciprocals are in arithmetic progresnon; 
i. e. ab — ac =» ac—bei 

or 2.-1 -i.- JL. 
' " 6 b ^ a 
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(50.) If a and b be the first two t^hns of an harmonic series, -find 
the nth term. 

(51.) Insert two harmonic means between 6 and 24, and mz between 
3 and A. 

(52.) The snm of three oonsecntive terms in harmonic progression 
is 1^ and the first term is 1 ; find the series. 

(63.) If the arithmetic mean between a and b be eqnal to m lom^ 
the harmonic, 

then ± =. a/^+x/^-1 , 

* ^m - v^OT - 1 

and if the geometric be eqnal to m times the harmonic^ 

then fL « «>+a/^^-1 . 

* » - y/m^ - 1 

(54.) Insert two harmonic means between 2 and 4 

(55.) Insert fonr harmonic means between 2 and 12. 

(56.) Insert n harmonic means between x and y. 

(57*) The sum of three terms of a harmonic series is 1-j^, and the 
first term is ^ ; find the series, and continue it both ways. 

(38.) The first two terms of a harmonic series are a and 6; it is 
required to continue the series. 

(59.) Compare the arithmetic, geometric, and harmonic means 
between a and 6, and show that the geometric mean is a mean 
proportional between the arithmetic and harmonic. 

(60.) The arithmetic mean between two numbers exceeds the geo- 
metric by 13, and the geometric exceeds the harmonic by 12 ; 
what are the numbers ? 

(61.) If the geometric mean between two qtiantities x and y be tp 
the harmonics as 1 : ft, show that 



a? : y :: 1 + y/l-n* : l - v^l - n». 

(62.) Fin^ the relation which must subsist between a, h, and c, that 
they may be thepth, jth, and rth terms of an harmonic series. 

(63.) The geometric mean between x and y : arithmetic mean : : 4 
: 6; find the value of ay~^. 
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(64.) If S^, Sq, 8^, &c. denote the sums of an infinite number of 
infinite decreasing geometric series, whose first terms are 
a, a^, o^, &c. and common ratios r, 2r, 3r ; prove that 
1 11 „ a(l-r)-l 

(65.) If S^, 82, 8^, &c, 8^ be the sums of n geometric series, 
whose first terms are a, 2a, Sa, • . . na, and r the common ratio 
in each ; prove that 

S, + S, + S, + &. 5„ =!t^LL2) (^) a. 

(66.) If 5 represent the sum of an infinite geometric series, whose 
first term is a, and common ratio r, 8^ the sum of the squares, 
S^ the sum of the cubes &c. of the teims ; prove that 

^ + -i-H-Actomf.^ Irr —^ 



XVII. 

PEEMUTATIONS AND COMBINATIONS. 

If M things be taken r together, the 

Number of permutations = « (»— 1) (n— 2). . . . (»— r + 1). 

Number of combmations = -^ -^ ~ i^ -* 

1 . 2 . 3.. ..r 

If quantities recur, and they be taken altogether, 

„ , ^ _. n(»-l)(^-2)....3.2.1 

Number of permutations « 7——^ , ., . ^ r-r — . 

^ (1.2.3i?) X (1.2.3 r)&c 

(1.) If ten letters, a, h, e, &c. be combined 5 together ; how many 
combinations will they make ? 

(2.) How many different sums may be formed with a guinea, a 
half-guinea, a crown, a half-crown, a shilling, and a sixpence ? 

(3.) How many different sums may be formed with the following 
coins : a farthing, a penny, a sixpence, a shilling, a crown, a 
half-sovereign, a guinea, and a moidore? 
F 
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(4.) At an election where every voter can vote for anv number of 
candidates not greater than the number to be elected, there 
are 4 candidates and 3 members to be chosen. In how many^ 
ways can a man vote ? 

(5.) How many days can 6 persons be placed in different positions 
about a table at dinner ? 

(6.) From a company of 60 men» 4 are draughted off every night 
to guard ; on how many different nights can a different guard 
be posted, and on how many of these will any particular soldier 
be engaged ? 

(7.) find all the permutations that can be formed ont of the lettera 
of the words (1) Baccalaureus, (2) Mississippi, (3) Hippopotamus,. 
(4) Commencement. 

(8.) If the number of things : the number of variations, 8 to« 
gether : : 1 : 20, then the number of things ^ 6. 

(9.) If the number of permutations of n things r together : number 
(r ~ 1) together : : 10 : I, and the number of combinations 
r together : number (r~I) together :: 5 : 3; find n and r. 

(10.) If the number of variations of n things 3 together : the number 
of variations of (n + 2) things, 3 together : : 5 : 12 ; then ii» 7. 

(11.) If the number of variations of n things, 4 together : the number 

of variations of — things, 4 together : : 13 : 2 ; then n — 15. 
3 _, 

(12.) If the number of variations of n things, 3 together, be 12 times 

as great as the number ci variations of ^ thing8> 3 together ; ' 

2 
what is the nmnber of variations of the same n things 
n together ? 

(13.) If the number of combinations of » things, taken 4 together, 
is to the number taken 2 together : : 15 : 2 ; then n » 12. 

(14.) If the number of permutations of (2n + l) things (n— 1) to- 
gether : number oi permutations of (2n— 1) things n together 
: : 3 : 5 ; then x » 4. 

(15.) If the number of variations of n things, taken 3 together « 
six times the number of combinations of n things tiScen 4 to- 
gether; then A = 7. 

(16.) If the number of combinations of n things, taken 5 together, 
is to the number taken 3 together : : 18 : 5; then n = 12. 

(17.) There is a certain number of things of which, taken 8 together, 
the variations are 80, and taken 10 together, 960 ; how many 
must be taken away from the originu number that the com- 
binations of the remaining things, taken 2 together, may be 15 P 
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(18.) The number of permutations of n things taken r together : the 
number of permutations of n things taken r— 1 together : : 42 
: 1; and the corresponding combinations :: 1 : 1; find the 
values of n and r. 

(19.) How often might a common die be thrown, so as to expose five 
different faces ? 

(20.) How many combinations can be made in all of 6 things, taken 
1, 2, 3, 4, 5, 6 together ? 

(21.) If the number of combinations of A things, 2 together, is 15 ; 

n»18. 

(22.) If the number of combinations of JL things, 4 together, is 

Sf of the number of combinations of ^ things, 8 together ; 

3 
then « » 12. 

(23.) If the number of oombinntions of n + 1 things, 4 together, is 
9 times the number of combinations of n things, 2 together ; 
then n s 11, 

(24.) If the number of combinations of n things, 3 together, is -j^ of 
the number; 6 together ; then n » 12. 

(25.) How many words of 6 letters may be made out of the 26 letters 
of the alphabet, with 2 out of the 5 vowels in every word ? 

(26.) A person wishes to make up as many different dinner parties 
as he can out of an acquaintance of 24; bow many should he 
invite at a time ? 

(27.) Show that the number of different combinations of n things, 
taken 1, 2, 3. ... » together, of which p are of one sort, q of 
another, r of another, &c., ■■ (p + 1) (2 + 1) (r + 1). . . . 1, 
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Show that^ 
(1.) (a + ar)««a« + 6a^;r + 15aV + 30a»3?» + 15a2ar* + 6ar* + a?«. 
(2.) (2a?-3y)««32aj»-240a?V + 720a?2^«-1080a:y + 810ay-243y. 
(8.) (5-4sr)*-=626-2000a? + 2400a?3-1280aJ»+266a:4. 
F2 
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(4.) (|,.5»yy-jL.-.J«v^|»y-^§«y^- 

lOxy + leary + 224jFy« + 128y7. 

(6.) (v/a + ^by ^<fi + 6ah + b^± 4,^'ab(a + b). 

(6.) The middle term of (a* + 5*)" « 70a*6*. 

(7.) The middle term of (1 + ^)^" « 1 -3.5.. .. (2n-l) g^^» 

(8.) The rth tern of (3a - 2a;)* = 



6-6r 



1.4.9.. ..(5r~ll) /2^Y-1 g^ 5 
1.2.3.. ..(r-1) \6/ 



Find the coeffident of— 
(9.) ar* in (a-*)». (10.) «" in (a^-ffix^i. 

(11.) *9 in (5a8-4r3)7. (12.) ** in (l + 3jF-ar)6. 

(13.) a?'' in (3a + 2*)"*. 

Show that— 

(ox)* 3 ^1^9 ^i 81 ^i^ 

(15.) (a» - x^^ = -_ + -^ + __-- + + &c. 
a^ a" 

nft\ /^ ^^-i 1 1 aj« 3 a?» 11 a?" . 

and the (r + 5)th term » 

_ 1.6.11.16....(lG-f-5r) 1 ar^+^ 
1.2.3.4.. ..(4 + r) '54+--' o2i+6x* 

#,».v /• *x-l 1 a^ 1.3a?< 1.3.5 ar« , 
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(18.) (<.+« y^)« = a" + na'-^x ^^1 - 't^^ »""**' " 



1.2.3 



+ (-l)^ "(«-y---("-'-^^) a''-V., 4«. 

1 . iO. . . . 9* 

(19.) {a + 5)» + (a- bf ^ 2 [a« + "^^^ a'^'b'' + 

n(n-l)(n-2)(n-8) ^n-4^4^ 
1.2.3.4 

1.2.. ..6 J * 

(20.) (a + 6)« - {a-bf = 2 [«<»-'J + :iOlz21^a»-V + 

^ »(»-!) («-2)(«-8)(n-4) »_.j. -| 

1.2. a. 4. 6 'J 

(21.) (..*)• »^[,.„_^.LCf;^ (.i^y.^c.] 

(22.) The third term of {a + b)^ « 106a»S6«. 
(23.) The fifth term of {a^-b^)^ « 495a»W 
(24.) (a + 6 + c)S = flS + 3a2i + 3a«c + SaJ^ + 6a5c + Sac^ + fes 
+ 352o + 36c2 + c3. 

(25.) (a + 6 + c + d)2 = a« + 2ab + 2ac + 2ad + l^ + 2bc + 2bd 

+ <P + 2cd + c^, 
(26.) (a + 2/> - c)8 « flS + 6^25 + i2aja + Sfi^ - 3a2c -12abc - 

1262c + 8ac2 + 6&c3 - c3. 

n(n + l)(n.f2) ./ rr V ^ J^^ 

1.2.3 \l + 2a?/ 

n(^-H)....(n-hr-2) / x V'^ ^ ^ 
1.2....(r-l) \l + 2a?/ 
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(28.) (a?+l)"-*« + ar— +n(x»-«+«-<»-^ + «.!l=? x 

,(„-i).. ..(.l.a) 
«(»-l)....!i±» 

+ (»+«"') , , nodi 

^ ' \i-x/ 1+x i.a \i+»/ 
1.2.8 \i+»/ 

(30.) _L_=l+iai'+-i-**+A«* + *«••••• + 
v^l-«» 2 8 16 

+ l-3.6..(2r-8) ^(r-1) + 4^ 

2'-*.1.2.8..(r-l) 

(31.) (l_a^4-l-l«»+^*«-g«'-4c.... 

_ 7.4.1.2.6.. ..(3r- 13) ^(r-1) ^ j^ 
8'-*.1.2....(r-l) 

(32.) _4=r-l+i« + -|*'+^*' + *«--- 
Vl-i» 8 9 81 

8'-*.1.2....(r-l) 

(33.) C£±£y„l + ^L.+ |.._^H.|-._^ + 4c.. 

1.3.6....(2r-8), «^-' 
*2.4.6..,.2(r-l) (a+<r)'-» 
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^^•) / a ^va * a-*-2a-« a:» + 8a-« »*-.4a-*» »« + &c 

(o^ + a*)* 

+ (-ir-* . ra-*<'-+^)a!=('-i) + Ac. 

(35.) Show that the approximate values of t/39, ^65, y2W, J/ i08» 
» 2*087, 4*02063, 4.-01563, 1*96504 respectively. 

(36.) Show that the coefficients of d;" in the expansion of (1 — 2xy + 
(l-ar)*-i(fi-6)(»»-l). 

(87.) Given that the coefficient of the (p + l)th term in the expansion 
of (1+a?)" «= that of the (|> + 3)th term; show that2p = n-2. 

(38.) Find the smn of the ooeffidents of the expansions of (a + xf* 
and {a-xf. 

(89.) Show that the coefficientsof afi in the expansion of {a + bx+ csfi)^ 

(40.) Show that the ooeffidents of a;'' in the expanaon of 
(l + 2x + Zx^...,y = i(r+l) (r + 2) (r + 3). 

(41.) Show that the (» + l)th term of the series whose (r + l)th term 

ji.(»~l) (n-r+l) / a? Y _ / x \n 

* 1.2.. ..r Vl + 2a?/ ~Vl + 2«/' 

(42.) If the coefficients of dr in the 5th and 7th terms of (1 + 2a;)" are 
1120 and 1792 respectively; show that » » 8. 

(43.) If the ooeffidents of a; in the 3rd and 5th terms of (1 — xy* are 
J^ and — ^ respectively; show that « » (. 

(44.) If generally n^ be the ooeffident of the (r + l)th term of 
(1+fl?)", show that (n+p)^ = i^. + "r-l 'Pt + "r-2 ' 

(45.) If generally m^ be the ooeffident of the (r+l)th term of 
(l-a?)""*, show that m^ + (m+l\_i = (« + !),• 

(46.) Find the smn of the squares of the ooeffidents in the expansion 
of (1 + x)\ when » is a podtive integer. 



108 INDETERMINATE COEFFICIENTS. 

(47.) In the expansion of (1 + a:)"*, if P, Q be any two consecutive 
coefficients, prove that the coefficients after Q will be 

r. Qm-P Q Qm-P Q(m^l)--2P 
P(m + 2) + Q' ^ ' P(»i + 2) + Q * P(f» + 3) + 2Q* 

(48.) If J2 be the rth term of the expansion of (1 — ar)"*, prove that 
the series after the first r terms will be represented by 






(49.) Given P and Q the pth and qth terms of the expanaon of 
ia + xf^, findm. 



XEL 

INDETEEMINATE COEFFICIENTS. 

Show by indeterminate coefficients that — 
X 2 1 



(1.) 



a;* + 6j? + 8 ar + 4 x + 2 



(2.) —l— =l + a? + a^5 + a^ + &c. 
1 — a? 



(3.) 



ar + c a + c 5 + c 



{x-a) (x-b) (a-rb) (x-a) (a-b) (a?-6)* 



^ '^ (a?-l) (a?-2) (a?-3) "" *-l x^ "*" J^' 

f 5.1 = — + + - - ■ . 

^ a?-4ar + 3«» x l-x 1-3* 



(6.) 



*3 14 



(ar + l) (j?+-2) (a: + 3) 2(a? + l) a? + 2 2(a? + 3)* 
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(7 ) * + ^ 1 3 __ 2^ 

(8 ) 13 + 21jr-f-2a?g 1__ _6_ 2 16 

1-6x^ + 40* " 1 + x " 1-a? **" l + 2a? "*" l-2a?* 

/g X 3^ + 3^ + 2 _ J^ 1 6 1 

^ '^ xix-tiy {x-iy " x^ 2(a? + l)« 4(a? + l) (a?-l)^ 
8 



4(ar-l) 



^ '^ (ar-l)a(ar« + l) "(a?-l)»"^ a?-l"«2 + l' 
(11.) 1 . 1«,^ 1 1 



(12.) 



a^-x* 4a?(a + a?) 4a3(a-a?) 2a2(a3+aj2) 

1 1 1 1__ 

ar*-l " 4(a?-l) 4(x + l) 2(r»+l)* 



,,Qx « + 3 1 1 x + S 



«<-l (P-l 2(a?+l) 2(a:2 + i) 
/i>«\ 7a? + 8 1 4 8ar-7 



(15.) 



(«2 + l) (a?4»l)3 2(a? + l)2 " x + 1 2(«2 + l) 
a?» o« 62 



(flS + ar'') (6^ + a:«) (a«-62) (aS+a^O (a^-ftS) (63 + ^:2) 



^ '^ a:»(a^+l)* a> aj« " » "" (jj3+1)2 "^ aj3 + l* 

n7^ 2x^-0^ _ 4 2jf + l 1 

^ ^ («s + i)2(a;2 + ^^.l) - -^+1 (aJ» + l)2 ■*■ (a:» + a?+l)2 

4 
«2 + ar + l* 

(18.) = 1 + »•+«» + «' + a?* + «» + &c 

1— a? 

(19.) -l±?i- = i + 8af + 4»2 + 7x» + &c. 
1— af— a* 

«2 + 2aap + a* x a^ x^ 

78 
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(22.) '~^*^ ■« « + (<.-6)*» + (a'-ai-e+d)** + {<f-a^ 
(23.) Ifa:i=y--^ +^-&c., shewthaty = a? +Y-^ + 

(24.) If«=y-.y»+y'-&c, shew that y -aj + «»+a^+ar* + &c 
(25.) Ifar « y — ^ + ^&<5-* s^^e^ ^^^^y « a? + -|. + •4- + 

(26.) If a? =» y + y* + y* + &c«» slie^ thaty =. a? — «■ + 2** — 
5*'+ &c. 

(27.) If » = y - V + K - *®-' "^^^ *^*y = « + i«" + 
3 o 

Aa:* + ^«^ + &c 
(28.) Ify+y' + y' + y^+Ac. ^af + iaja + iaj' + Jar^ + Ac, 
shew thaty = a? — ^aj* + ^a^ — ^a:* + &c. 

flfflj flna» 
(29.) If ys - flwy - 6» «- 0, shew ti»ty = 6+gj-^ + 

flf*a?* - 

■ ...- -» Ac. 

(30.) KOTy3-«y««i,8h€wthaty«l+ ^-|5^s + 






(31.) Kar=.y.^y» + 3-^^l^y*-&c.,8hew 



that 



mrs^ 1.2.4.5^ 1.2.4.6.7 



INDETERMINATE COEFFICIENTS. Ill 



(82.) K»-sr + ^ + |S + |^ + ^ j + &c..«^ewthat 

^ ■ ' a "*■ 8a» 8aa ■*■ 8a* " 
1 1 ^1 

(83.) If«-y + -g-y» + u5^ + j5j5y' + 4c,8hewthaty-ic 

Find by the method of indeterminate coefficients the smn of^ 

(84.) l»-h2» + 82 + 4;»+&c.tollterm8. 

(35.) l»+4? + ^ + 10» + &c ton terms. 

(36.) l + 2jr + 8aj8+4r» + &cto»term8. 

(37.) 1.2 + 2.3 + 8.4+ &c.tolOterms. 

(38.) 1.23+2.8' + 8. 43+&c.tontenns. 

(39.) 1 + 22» + 32«2+ 4?a» + &cto»term8, 

(40:) l» + 2» + 88 + &c.to20terms. 

Find the smn to nterms of each of the following series: 

(41.) 1. 2 + 3,4 + 5. 6 + &C (42.) 1 + 4r + 7a« + 10a?» + &c. 

(43.) l2 + 22af + 83a?«+4?aj> + &c (44.) 13 + 3?a?+5?jr + 7»a?5 + &c . 

(45.) 1.2 + 2.8 + 3.4 + 4.5 + &c. (46.) 1.2.3 + 2.3.4+ 3.4.5 + &c. 

(47.) 1.2.6 + ^4.7 + 6.6.9 + Ac. (48.) 2.5.6 + 4.7.8 + 6.9.10 + &c. 

(49) l»+2» + 8» + 4^+&c. (50.) 1.1»+ 3.23 + 6.8^7.43 + Ac 

(51.) The smn of 8 + 11 + 81 + 69 + 131 + &c to 20 terms. 

(52.) The sum ofl + 11 +19 +30 + 48+76 + &cto20 terms. 

(53.) The sun of l + 6 + 21 + 56 + 126 + 252 + 462 + &ctol5 terms. 
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VANISHma FEACTIONS. 



(1.) ^ ^"^ (when «=1) - -3» 



112 VANISHING FRACTIONS. 

(8.) lz|^^(when»,=l)-3. 

(6.) "■ ^ '" Af. = ^),l. 

2»a" - 2«j: 2»*" - 24M? V 2 / » 

(9.) fluSl (when » = 8) - 108. 
0? — 3 

(10.) f!Lli (when a? = 1) = 3. 

^ ' «» - 2ar2 + 2ar - 1 

(U.) ^^^"^""f — ,(whena? = -l) = l. 

^'l + 2jr + 2a^ + 2j?3 + ar*^ 

(12.) -^LzL5fLl?£llL(when^«3)-5. 
^ ' ar* - 7a;' + 16a; - 12 ^ ' 

(13.) g.€^^ + 2-26^-0: (wheng^0)«-4. 

<''•> ^i-S^i(-^--^-« = -T- 

(15.)- f(^^4ll|f^ (when a:»c) = |.. 
6 (ar=^ + c=^) — 26ca? ^ ' h 



m— « 



(16.) (ilfl!jl£!(wheiia = 0)-2* 
a n 

(17.) ^-^y°^^-^(when»-l,y-l). 
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(18.) ^ + aar^--«^x-«s x^-a)^ -.2a. 

(19.) ar^ + 8^-7>»^-27ar-18 ^^j^^^^ -j « 3, aad when x - -8) 
^ ' ar» - 3d?3 - 70^2 + 27af - 18 ^ 

» 10 and -jV* 
"^ ' ar* - 6*s + 13ar» - 12a: + 4 ^ ' 

(28.) ^/^ -^ 1 - V^2 (when « « 1) - JL. 
a--l 2v/2 



(24.) ^^^ •*• ^ •" ^ (when * = 1) = f. 
a? — 1 



1 

(27.) «-(«''-^y (when^^O) = ^l.. 



(28.) ^ — ^i-:^: (when x ^ ct^ ^ i--. 

v/a + 2a? — v^3«f 4 

/oq \ (ar« ~ g«)^ + (a; - g ) , , .1 

^'^•^ (l^ar-a)^-! (^^^" -^ = «) - -g- 

(30.) -£^V^^5fZ?-(when* = a)«|.. 
a - (2a2a? - oa^O* ^ 

(31.) 2L ^ — i« (when a? « a) = -—. 

a? — a ^ '8 
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l®^-; --j-i — '— (when a; » a) » -^ • 

a - (flxS)* ** 



(33.) s^<^'^<^^^-Va'-a^^^ ^„v.^ .^ a> , /T 
(35.) ^<^^J:ig)!-^-^(when^-a)^2a. 



V'aj*— a* 

(37.) --i:^ — 1 — L. (when ar » a) - -sr • 

a-(a»0* 

(38.) ^^^^-^ /^^^^ + v/^^^ (when « = «) - /T. 

(39.) i L-—^ (^l^en ««a) -grj-- 

Express in the form of continued fractions : 

(40.) L % u. ?55; iii. ?!?; iv. «i; v. ?1^15i. 
^ ^ 68' 224' 764 227 100000 

Find the quotients and convergents for the following flractiona 

(41.) L?51. ii.1?? iii.l^; iv.l251. 

^ 764 26 6537 329 I 

(42.) LySi iiysii iiiv'iS; iv. v/60; v.-/!?. 
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XXI* 
COMPOUND INTEREST AND ANNUITIES, 

(1 .) Find the compound interest of 1600^ for 9 years at 5 per cent, 
per annnm^ the interest heing payable yearly. 

(2.) Find the amount of an annuity of 1712^. per annum, payable 
half-yearly for 9 years» allowing compound interest at 6 per 
ctsnt. per annum. 

(3.) In what time will a ^ven sum treble itself, at 8 per cent, per 
annum, compound interest, payable half-yearly? 

(4) In how many years will 26532. 79. 6d, invested at 3i percent, 
per annum, compound interest, payable quarterly, amount to 
8327^.18*. ri04<i.? 

(5%) What is the present value of an annuity of 1401. per annum, 
payable quarterly for five years, allowing compound interest 
at 5 per cent, per annum ? 

(6.) What is the discount on 200L due 8 years hence» at 4^ per 
cent, per annum, compound interest ? 

(7.) A person puts out 50^. at 4 per cent, per annum, compound 
interest, and adds to his capital at the end of every year a sum 
equal to the ^ part of the interest for that year ; find the 
amount at the end of 20 years. 

(8.) A sum of 7000^. is left for three children. A, B, and C, in such 
a manner that at the end of 7, 9, and 12 years, when they 
respectively will come of age, they are to receive equal sums ; 
required the present values of each share at 4 per cent, per 
annum, compound interest. 

(9.) A debt of 10002. accumulating at 4 per cent, per annum, com- 
pound interest, is discharged in n years by annual payments of 
832. 68, Sd. ; find the value of «. 

(10.) A banker borrows money at 3^ per cent, per annum, and pays 
the interest at the end of the year ; he lends it out at the rate 
of 5 per cent, per annum, but receives the interest quarterly, 
and by this means g^ins 4002. a year; how much does he 
borrow? 

(11.) Find the present value of a deferred annuity of 5002. to com- 
mence after the expiration of 5 years, and then to continue for 
20 years, allowing compound interest at 5 per cent. 

(12.) If a lease for 55( ^ears cost 1002., what annual rent ought the 
purchaser to receive, that he may get 51 per cent, for his 
money ? 
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(13.) What is tne present worth of an annuity of 850Z. at 6 per cent, 
per annum, payable quarterly, for 12 years, at compound in- 
terest ? 

(14.) An annuity of 100/. for 21 years is sold for 1100^ ; what was 
the rate ot interest allowed to the purchaser ? 

(15.) What is the difference between the value of a freehold estate, 
or perpetual annuity of 200/. per annum, and that of a lease- 
hold estate of 200/. per annum, to continue 60 years ? 

(16.) What sum ought to be paid for the reversion of an annuity of 
100/. for 14 years after the next 7, that the purchaser may , 
make 5 per cent, on his money ? 

(17.) If a lease of 65 J years be purchased for 500/., what rent ought 
to be received that the purchaser may make 7 per cent, per 
annum on his money ? 

(18.) The sum of 518/. Qs, being placed out at compound interest for 
8 years, amounts to 600/. ; find the rate of interest. 

(19.) Suppose a person to place out annually the sum of 20/. for 40 
successive years, what would the whole amount to at the end 
of that time, at 5 per cent, compound interest ? 

(20.) A person purchases the reversion of an estate after 12 years 
for 2000/. ; what rent ought he to receive, that he may realise 
6 per cent, per annum on his money ? 

(21.) Find the present value of an annuity of 100/., to continue 5 
years, allowing compound interest at 5 per cent. 
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SCALES OF NOTATION. 

(1.) Express 1828 in the septenary scale. 

(2.) Transform the number 4321 from the quinary to the septenary 
scale. 

(3.) Transform the number 2304 from the quinary to the undenaiy 
scale. 

(4.) Transform 1756 and 345 from the common to the duodenary 
scale, and multiply the results together. 

(5.) Divide 29/96680 by 2//9 in the duodenary scale. 

(6.^ Divide 14332216 by 6541 in the septenary scale. 
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(7.) Express 29'and 49 in the octenary scale ; multiply the results 
together, and express the product in the denary scale. 

(8.) Given 468 and 701, numbers in the undenary scale ; multiply 
them together in that scale, and express the product in the 
denary scale. 

(9.) - Transform 23784 and 587 from a system whose local value isi) 
into one whose local value is 12, and multiply them together 
in this last system. 

(10.) What are (in common notation) the greatest and least numbers 
which can be expressed by 4 figures when the load value is 6 ? 

(11.) Express 7631 in the scales in which the local values are 2 
and 20. 

(12.) Extract the square root of 32^5721 in the duodenary scale, 
and express the root in the common system. 

(13.) Extract the square root of 25400544 in the senary scale. 

(14.) Transform 26.5 into the quaternary scale. 

(15.) Find the value of ( 1.23)^ in the septenary scale, and transform 
1.23 into the denary acsHe, 

(16.) Divide 511173.44 by .675 in the octenary scale. 

(17.) Any number is divisible by 4, if the last two digits be divisible 
by 4. 

^18.) Any number is divisible by 8, if the last 3 digits be divisible 

by 8. 
(Iflt) Transform 13.454 from the octenary to the quaternary scale. 

(20.) How may the number 2304 in the quinary scale be represented 
by terms of the series 1, 3, 3", 3^, &c. 

(21.) What terms of the series 1 lb., 3 lbs., 3^ lbs., &c. must be 
selected to weigh 1319 lbs. ? 

(22.) How may the series of weights 1, 8, 8*, &c. be employed to 
weigh 1000 lbs. ? 

(23.) How may the series of weights 1, 5, 5^ &c. be employed to 
weigh 271 lbs., supposing we have two of each kind ? 

(24.) If any number a multiple of 11, and a number consisting of 
the same digits in an inverted order, be each divided by 11, 
the sum of the digits in the two quotients are equal. 

.(25.) If the sum of the odd digits in any number be 11 m+p, and 
of the even 11 n + p, prove that this number, being successively 
divided by 11 and by 9, leaves the same remainder as m + n 
+ p when divided by 9. 
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(26.) Any ntunber of 4 places is divisible by 7/if the first and luat 
digits be the same, and the digit in the place of the hundreds 
be doable that in the place of &e tens. 

(27.) If the number expressed by the last n digits of a number be 
dlTicdble by 2**, the number itself is divisible by 2". 

(28.) The square of any number of digits less than ten, each of 
which is unity, will, when reckon^ from either end, form the 
same arithmetic series, whose common difference is unity, and 
greatest term the number of digits in the root. 

In a set of weights of 1, », »', «', &c. pounds, how many of 
each sort will it be necessary to have, in order to weigh any 
number of pounds not exceecling the sum of the weight^ sup- 
posing that all the weights used are put in the same scale? 



xxm. 

PEOPEETIES OF NTJMBEES. 



(1.) Shew that ffi divided by 4, if » be one of the natural number^ 
cannot have 2 for a remainder. 

(2.) If » be a whole number, shew that »'+5» is divisible by 6, 
and » («» - 1) (»« - 4) by 120. 

(8.) If » be a whole number, prove that n . («i— 1) («— 2) («— 8), 
is divisible by 24. 

(4.) 'If » be any odd square number gpreater than 1, prove that 
(n + 8) X (n + 7) is divisible by 82. 

(5.) If » be an odd nomber prime to 5, »^— 1 is divisible by 80. 

ft r>i*— 1^ 

(6.) If n be any odd number > thanl, — ^ i is an integer. 

48 

(7.) Ifn be any even number, ^i!L.l_i is an integer, 

48 

(8.) If » be any prime number greater than 3, " "* isaninteger. 

24 

(9.) If n beany odd number > thanl, - "* ■■ is an integer* 

o 



PROPERTIES OF NUMBERS. X^ 

(10.) If tt be any even nnmber greater tlian 2, » (n^ — 4) is divUible 
by 48. 

(11.) The differenceiof the squares of any two odd numbers is divisible 
by 8 ; and the difference of the squares of any two prime num- 
bers of which the less exceeds 5, is divisible by 24. 

(12.) If to the square of any number not divisible by 3, the number 
2 be added, the result is divisible by 3. 

(13.) The square of every number except 3 and its multiples, is of 
the form 3^ + 1. 

(14.) If a? - ^3 be divisible by 8, then (a + Xr)» - (5 + Xr)8 will 
be also divimble by 3. 

(15.) If an odd and even square number be added together, and the 
sum be also a square number, the even square is a multiple of 
16. 

(16.) Every prime number of the form 4m + lis the sum of two 
squares. 

(17.) If » be any whole number, one of the three, n\ n^+1, 
41? — 1, is cQvisible by 3. 

«' — 1 

(18.) If « be any prime number greater than 3, isaninteger, 

24 

(19.) No number having 9 for its last two digits can be a square. 

(20.) If any number which is a perfect square be divided by 3, it 
can never leave 2 for a remainder. 

(21.) If the number 2 be divided into any two parts, the difference 
of the parts equals the difference of the numbers formed by 
adding each to the square of the other. 

(22. Find the number and sum of the divisors of 2160. 

(23 ) Decompose 831600 into its prime factors ; find the number 
and sum of its divisors ; and the least number by which it 
must be multiplied so as to become a perfect cube. 

(24.) What is the least number by which 2205 must be multiplied, 
so as to become a perfect cube ; and what is the sum of its 
divisors ? 

(25.) If m be a prime number, and a and b integers not divisible by 
m, then will a*""* — 6*""* be a multiple of w. 

2&) The sum of any number of prime numbers in arithmetical 
progression is a composite number. 
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AAIV. 

« 

EXAMPLES IN THE THEORY OF EQUATIONS. 

Form the equations whose roots are :— 
(1.) 8 and 4 : 5 and —8, and ±^, + ^. 

(2.) 1, "l±y^ , and -1, -8. 8, ii^. 

(3.) 4, -1, i(- 8 + ^^335, and 1, -1, ± i, ±2. 

(4.) 2, - f , 1 ± v^- -^, and 1, 8 ± v^^. 

4 

Find the roots of the equation : — 

(5.) ar'— 11jj8 + 87a? —85 — 0, of which one root is 8 + y/2, 

(6.) a^-102;> + 4p+8»0, ofwhichonerootisl + v^. 

(7.) a?*— 5*3— a? + 5 - 0, of which a root is 5. 

(8.) sfi—lsfi + 16j7— 12 = 0, of which two roots are equal. 

(9.) a?*— 12af* + 43a?— 42 — 0, of which one root is 3 + ^2. 

(10.) a^- 12a;> + 39dP- 28 = 0, of which the roots form an arithmetic 

progn^ession. 

(11.) ** + 18*' + 38ap2.+ dla? + 10 » 0, of which three roots are eqoaL 

(12.) aj« + a:»-8«*- 16a;-8 « 0, of which one root is 1 - ^h. 

' (13.) afi — 9a^ + 23a?— 16 » 0, of which the roots are in an arith. prog. 

(14.) r*- 6a?' + 11a?— 6, of which the roots form an arith. prog. 

(15.) a;*- da^" 14a? + 48a?- 32 == 0, of which two roots are 1 and 2. 

Of which the roots form a geometric progression ; — 
(16.) ar3 « 7j^ + 14a. « 8 «. 0. 
(17.) «» - 13a:» + 39.^ - 27 == 0. 
(18.) *»- 26ar» + 156a? - 216. 
(19.) a?«-15a:8 + 70aj»-12ar + 64-0. 

Of which two roots are equal : — 
(20.) «> - 8aj« + 27a? - 18 « 0. 
(21.) «3 + 8a:» + 20a? + 16«0. 
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OF Which the roots are in a harmonic progression t— 
(22.) or* - lla!« + 36a? - 36 - 0. 
(23.) 8a:»-6ar8-3a? + l«xO. 
(S4.) 48j^ - 44a:» + 12* - 1 - 0. 
(25.) dr» - 13a?2 + 54p - 72 « 0. 

Form into equations having integral coefficients — 

(27.) ^.1-^.0, 

whose roots shall he donhle the roots of.« 
(29.) 3jr»-5*2 + 2a?-7 -0. 

whose roots shall he less hy 5 than those of^ 
(30.) ^ - 19arS + 117-^ + 1145 « q. 

whose roots shall.be greater by unity than those of— 
(31.) «« + 5ar* + «> - 16*^ - 20aj - 16 = 0. 

haying integral coefficients : — 
(32.) «._^-|.^.0; 

whose roots shall be 5 times those of— 
(33.) a?* + 2aj3-7*-l-0. 

whose roots shall be 3 times those of— 
(34.) jf* + 7a:3_4a. + 3«o. 

whose roots'shall be each less by 3 than those of— 
(35.) aj» - 27a? - 36 = 0. 

whose roots shall be less by 3 than those of— 
(36.) X* - 27a?3 - 14a? + 120 = 0. 

whose roots shall be 3 greater and 3 less than those of— 
(37.) aj»-2a?»-a? + 2«0. 

Take away the second term from the equations— 
(38.) ar» - 6a?2 + 12a? -19-0. 
(39.) «» - 6a:« + 5 « 0. 
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Tranform into an equation whose roots sliall be less by tQiity— 
(40.) 2ar* - 13a?a + lOjf - 19 » 0. 

Transform — 
(41.) 19af* - 22a?» - 85*» - 16a? - 2 « into an equation whose 

roots shall be less by 8. 
(42.) Sjt* — ISar* + 7** — 8a? ^ 9 into an equation whose roots shall 

be less by ^. 

(43.) 2a:' — 6«' + 7« — 12a0 into an equation whose roots shall 
be 8 times as great. 

Transform into equations wanting the second term— 
(44.) a?»-6ar« + 4«-7-a 
(45.) «3 - 6*8 - 10 - 0. 
(46.) «»-6aj» + lLr-6*.0. 
(47.) a?*-.4««-8a^ + 33 -0, 
(48.) «» + 8«» + 9a?-13 -0. 

Solve the following reciprocal or recurring equations^- 
(49.) a?* + 5a» + 2«a + &r + l = 0. 

(50.) *»-7af8+15a7-13a:«+8«» + ai?«-18aj»+16«3-7a?+l =0, of 
which —1 is aroot« 

5«* 5.V 

(51.) ar*-^+2*>-~ + l -0. 

(52.) 2a?4-5«?+6«»-5a? + 2 = 0, 

Find the superior limit of the positive roots of the equations— 
(63.) «»+6«3-7a? + l-0. 
(54.) ff6 + af* + ar» - 25a? - 86 « 0. 
(56.) «» + 7af* - 12«> - 49*« + 52a? - 18 - 0, 
(56.) &r» - 48*2 + 79a? - 12 = 0. 
(67.) «» - 112* + 448a? - 0, 

Approximate to one of the roots of the following equations :— 
(58.) 20:3 _ 3a. - 6 - 0. (59.) «a _ 7^. « 7 « q. 

(60.) 5a:« - 13a?8 _ hqq « 0, (61.) «3 - 5a? - 8 = 0, 

Find the roots of the following equations — 
(62.) «* - 9a? + 28 « 0. (63.) ar^ - 6*» + 11a? - 6 « 0. 

(64.) a:8 + ai* + a? = 100. (65.) a?*-12aj2 + 12a?-8 = 0. 

(66.) *» - 15«« + 63a? =? 50, (67.) 64a;8-48*-d - . 
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XXV. 

(1.) Multiply together op+Ev'ay+Sy, and a?— 2v^ay+y; also 
a + b + Cf -^a + b + c, a—b-irc, and a + b^e, 

(2.) Simplify the expression — 

(8.) Extract the square root of— 

(4.) Solve the equations — 

r. V m 2(jp— 1) Sop— 4 x 

^'•^T 6 IT ^\% 

fii.) 7** - ILr - 6. 

(liL) a?* + 1 - a?(j:» - OP v^2 + 1). 

fiv.) gr+y-yV^ ^ 2^^ ^^ x_ ^ /Hf . 
a?+y+V^a?2+ya » y ^^ a-y 

(5.) i^d three numbers such that the differences between each 
and the sum of the other two, and their product, are in the 
ratios 1:3:5:: 192. 

(6.) Prove thAt— 

^.) The difference of the squares of any two odd numbers 

is divisible by 8 ; 
(ii.) Every square is the sum of as many consecutive odd 
numbers as there are units in the root. 

(7.) How many terms are there in the expansion of (3d?--8>y)^ ? 
Write down the third term. 

(8.) Prove the formulsB for the summation of arithmetical and 
geometric series; and sum the following : — 

7+ 8 — 1 — ..to» terms; 

1 — i + ^ — . . to infinity. 

(9.) Find the least positive integer solution of \Zx — 9|y » 3. 

(10.) Determine the number of permutations of n letters taken r 
together, noticing the case in which n = r and certain letters 
recur. £x. : SebastopoL 
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(11.) Reduce to their simplest form the expressions— 

(a.) fLty + ^Z^ and ^±y _ ^Zy. 
«—y «+y' x-m-y x+y 

(6.) («'-3y)(a?+y) - {x-2y) (ar + 3y) + (x-y) {a? + %f) 
-ar3 + 2y2. 

(12.) Find the greatest common measure of ap* + a?^— Sa^^^ + ay* 

-y*, and 4r«-6a;V + ll^y'-^- 
(13.) Write down the expansion of (x +y)\ How many terms are 

there in the expansion of (a? + yy^ ? 

(14) - Extract the square roots of 14 + 6 -v/5, and 1 + 4 ^'^. 

(15.) Solve the equations — 

f. x-2 3ar-22 a?- 3 

^''^-ir^^T^^ — -*• 

(4) „ + i^_?£rl^ = 29, and ?:r-%-?^ = 16. 
(c)8a:2.|.„14^. 



(d) 2ar2 + 8af+<v/:iia^» + 3a?-16«74. 

(16.) A traveller sets out to walk ^m A to B at 4 miles an horn* ; 
one hour later, another traveller sets out from B towards A 
at 3^ miles an hour : when they meet, the first has walked 
6 miles more than the second. Find the distance from A to B. 

(17.) Sum the arithmetical progression 1 + 5 + 9 + .. ..to 16 terms, 
and 'the geometric progression l + ^+^+.,..to n terms 
and ad infinitwn. 



XXVI. 

Solve the following equations : — 

r«v a?— 3 37 — 3 1 

^ '' ^Ti ~ 2x-l 2" 



(2.) » + -y+-.-32. _ + ^+.^.i6, :L^f^ 

-1-12. 
(3.) a?* + y»- 49 + 2a^, af« + y* - a?2 « 20 + (2af» - l)j^. 
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(4.) Reduce to its simplest form«— 

_J + __L_+__JL_. 

a{a-0) (a^c) b{b-a) {b-e) c^p-a) (c^b) 

(5.) If ^ and ^ be- two unequal fractions, prove that ?^^. is 
b b b -^b 

intermediate in value between them. 

(6.) If the same transformation banishes both the second and third 
terms from the cubic equations a?^— ^ar' + ga?— r « 0, what 
relations must exist between the coefficients ? 



(7.) Solve the equations 3ar + 2y + « « 23, 5* + 2y + 4b - 46, 
10a? + 5y + 4a »= 76; and 2* -y = 2, 8x8 -y» = 98. 

(8.) A railway train running from London to X, encounters an 
accident on the way, in consequence of which its rate is reduced 
to two-thirds of what it was nt first, and it is 2hrs. 6m. late; 
if tiie accident had happened 18 miles nearer X, it would have 
been only 1 hr. 60 m. late. Find the distance between the two 
towns. 

(9.) Extract, by Homer's method, the cube root of 20, and find the 
root of the equation a;* + 2a?— 30 — 3 (the integer part of which 
is 2). 



XXVII. 

(1.) Perform the operation indicated in the expression (a — 6) (c — (Q, 
and deduce the " Rule of Signs." 

Multiply a*a?*-A%* by a*a?^-6«y*. 

Simplify ^^^^^v^^ 
v/3 + 1 

(2.) Solve the following equations : — 

/.v X af + 1 ar--2 a?— 1 

11. ] ^— — + ■ SB ■ + ■■■■ . 

^ ' a? + l a? + 2 ar-l x 



Cii.) 2a? + ap = 5 - v^a!» + 3a? - 1. 
fiiL) a!2+y3«20, a? + y = *y^ -»■ & 
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(3.) A railroad rung from A to C A goods train ftart» from A at 
12 o'clock, and a pasBenger train at 1 o'clock. After goink 
two-thirds of the ctistance the goods train breaks down, and 
can only travel at three-foorths of its former speed. A^ 
40 minutes past 2 o'clock a collirion occurs 10 miles from C. 
The rate of the passenger train being double of the diminished 
speed of the goods train ; find the <£stance from A to C, and 
the rates of the trains. 

(4.) Prove the Binomial Theorem for a jNMtire integral index. 

(5.) Find the first four terms of (l — 4*^ '^'^ ^"^*« ^o^^ *^® 

fitctors of the 16th term. 

(6.) If 1, a, iS, 7 . . . . be the coefficients in order in the expandon of 

(1 •<- x)^, show that if n be a positive integer greater than 
unity, 1 — 2a + 8/8 — 4y + . . . . «■ 0. 

(7.) If one solution to an indeterminate equation tut + hf ^ o he 
known, give formulie for finding out the rest. 

In how many different ways is it possible to pay 22. 3«. 6d 
in half-crowns and shillings ? 



(8.) From the expansion of (x + ay, deduce the ordinary rule for 
" completing the square " in uie solution of a quadratic equa- 
tion. Solve the equations — 

(i.) 2ar» - 1 - &r + 2. 0^0 2*» - 8af» -H 6 - 0. 

pii.) 2 <v/«» + X + 2a? « 1 — ^ — ^1 + x. 

(iv.) The difierence of two numbers is 8, and the differ- 
ence of their cubes is 279 ; find the numbers. 

(9.) Explain how to find the sum of a series of ii terms in arith- 
metical progression, whose first term is a, and last term L 

2 2 

Sum the series, 6, — 2, — , , &c. to infinity. 

8 9 

(10.) State the algebndcal definition of proportion. 

If a : b :: c : d, prove that a : a— J :: c : c— d, 

a 26 8c ■*■ 4d" adV4. 8 2 "*" / 

(11.) If A oc B when C is constant ; and A x C when B is constant ; 
then A X BC when B and C both vary. 

Show the application of this in the following example : — ^A 
beam 56 feet long, 2| broad, 1^ thick, costs 111. ; what wiU be 
the cost of a beam 154 feet long, with a uniform section of 1^ 
square feet ? 



8ANDHUBST COLLEGE PAPERS. 127 



xxvirL 

(1.) What signa are used in Algebra to expreaa Addition, Subtrac- 
tion, Multiplication, and iiiviaion ? 

a 
How does it appear ah — ba, and a -*• 6 == y 

b b J, a 

(2.) (i.) Subtract a—^ + o from the sum of a + Y and -g-"*"^* 

(u.) Reduce — + — . 

X a^ — a^ a + X 

Ciii.) Multiply a2-a6-ac-6c + 6« + c« by a + b + c. 
(iv.) Divide 42ay« by — 7a?"y'. 

(3.) CO If » - ^^ and 5f - ^^* P«>ve that 

a?+y ^ 2l{± + AY 
0? — y 2 \ 6 a / 

(ii.) Reduce to its lowest terms —-r — rj:' 

^ ' 6a;* + 7« — 20 

(4.) What are the rules for transposing an algebraical quantity from 
one side of an equation to another ? 
Solve the equations ; — 

(iil.) ?l^ + 1L=J = 22, and « = ?y. 
^ ' 4 o 

- (5.) There are two sorts of wine ; one cost 6*. a quart, and the other 
8*. a quart. How much of each must be taken, to mix a quart 
which shall be worth 3^. 6d. ? 



(6.) Solve the equation 

fiL) a?* + y< « 337, and Of + y • 7. 
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(7.) A garrison besieged loses 5 men on the first day, 10 on the 
second. 15 on the third, and so on, and at this rate the garrison 
would be all destroyed in 60 days. How many men must be 
introduced at the end of the fifteenth day of the siege, to bring 
the garrison up to a strength of 8000 men ? 

(8.) (i.) Prove that log 3* x 4< » 5 log 3 + 6 log 4. 

(ii.) Find by the tables (0874)*. 

fiii.) A fourth proportional to 3*, 2^, 16». 

(Iv.) The sum of 7 terms of the series 7 + 21 + 63 + &c. 

VXIV. 

(1.) What are like quantities in algebra? Point out which of the 
following are Uke, or may be made so, and which ujUike : — 

7a«6, 3&a2, 4a=^, 4^b, ?f^. 
2ao 

(2. Perform the operations indicated in the following examples : — 

(i.) 4^3 + 562 « [3^2 _ (2a« + 6^)]. 

/ii \ 4 6 X 

^ '' (* + l)2~ (a:»-l) «-l' 

(iii.)(;r«-f + y«)x(^ + f +;y«) 

(iv.) (ar< + it^' + y*) -T- («» - ay + r)» 



(v.) ^a* - 4a263 + 2aV - 46-c2 + 4d>* + C*. 

(3.) Arrange the product (x—a) x (x—b) x (x—c) according to 
powers of Xt and then find its value, if a = 6 = c. 

Find the greatest common measure of 4a^ — 9j/^ and 
ftp* — 5ay — 6y«. 

(4.) Explain the principle upon which equations may be cleared of 
fractious. 

Solve the following equations : — 

^'^ 2 "1 3 ■ 

(u.)?^-5f^«io, y±^«7. 

3 5 y — X 

(5.) Two regiments are in strength as the numbers 5 : 4, but If 
200 men be" transferred from the smaller regiment to the 
greater, their respective strengths will be as 2 : 1. Find the 
number in each regiment. 
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(6.) Solve the fi>llowing eqnftticms :— 
Ci.) 16(l + aj»)-7(l + *)». 

(ii.) *■ + x^sf^ +sr ^ 138, and »■ — a?«y* + y« - 7. 

If _ sa ss • f prove tnat 

c a 6 

(7.) Ftove that the som of the squares of the first (») natural 
numbers (l«+22+32 + .... +n^) 

_ ».(» + !). (2» + l) 
6 

Hence find the number of balls in an incomplete square pile, 
a side of the base having 80 balls, and a side of the top 11. 

Show why ^'V^+l/'V^^ + l) must always be a whole number, 
when (») is a whole number. 



(1.) Find the value of ^jr^ — gay + y- x ^sxr + 2xy + y*, when 
a? « i, and y =« ^. 

(2.) Multiply *J - ^ + ± by ajS + ^ + £, and divide a< - 

81 by a - 8. 

(3.) Explain the laws for finding the Greatest Common Measure and 
Least Common Multiple of two or more quantities ; and fiud 
the G. C. M. of a?a - 2a? - 3, a!« - 7jp + 12, and ar* - a? - 6, 
and the L. C. M. of 2a? - 1, 4a:> - 1, and 4d?3 + 1. 

(4.) Define a fraction ; and simplify the following quantities : — 
,. ,. ^ 8a 7a ^.. v 4m— 8» w + 8w 2n 

^^' hx S"ioi* ^^'' 8(1 -») 8(l-»)"*'l-n 

CiiL) ^-^115+^. cv.) ^-iy.j£.+^z^. 

od ao bo y x-^-y y^—x^y 

(V.) f±-V + 6,_.^ + *+f(4.+„,_<^) + f±.V + c»-6^. 
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(5.) Investigate the laws for finding the Square and Cube Boot of 
any quantity ; and find the Square Root ot 

and the Cube Root of a«— 6a* + 15a* -2003 + 15a' -6a + 1. 

(6.) Define a surd ; and simplify the following quantities : — 
(i.) 2<v/8-7-v/l8 + 5v/^--/50. 
(ii.) 5v/3 X V;i7 X y/l 



(iii.) ^29 + 4^30 X V29 - 4.^dO. (i^.) >/l3 + 2-/42. 



^'^4 12 ~ 6' ^ '^ 2a? + l a? + 12 



(7.) Solve the following equations : — 

^ *^ 4 12 ~ 6 ' 

(iii.) 8ar + 5y«8and4a? + 3y=7. (iv.) (ar + 2)2 - (ar + 2) = 6. 

(v.) 9a? + 4 + 2a?v/9a; + 4=15j:». (vi.) a+a? + -v/2a^Tx^= b. 

(vii.) m^f** — mnx +pqx = »jp. (viii.) ** + ar3 + a? + l = 4a^. 

(ix.) ^-^gzg -^^0, and ^- /|±? = 0. 
a7 + v^a:a_^ y V 1-y 

(8.) Prove the laws for the summation of an Arithmetic Series ; and 
find the sum of 1 + 8 + 5 + &c. to 10 and » terms, and ^ + 
i + ^ + &c. to 20 terms. 

{9.) Find the »th term and the sum of n terms of the Series, 1 + 
2 + 4 + 8 + &c., and the sixth term and the sum of 6 terms of 
the Series, 1 ~ 8 + 3» — &c. 

(10.) If the number of permutations of 2« + l things taken »— 1 
together, be to the number of 24»— 1 things taken n together, 
as 18 : 4, find ». 

(11.) If a person divide £^, among 36 persons, male and female, 
giving to each male 3«., and to each female 2«. Qd, ; how 
many were there of each ? 

(12.) Prove the Binomial Theorem ; and expand (a + x)^ and 
(ai + 6^)8. 

(13.) Resolve ff~\^^ into its partial fractions. 

ar (a? + 1)* 
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(14.) Find the value of 

/T+x /2y(l-jr) /-z—- —, 

when X ^\, and y » i-* 

(15.) Multiply a2 + ^ + c=+<P bya2+62-c3-d». Divide 
** + a^a^ + a* hj af^ — ax + a^, and mp*' + (mq — wj) a:^ « 
(mr + nq)x — nr by mx — ». 

(16 ) Prove the laws for finding the greatest common measure and 
least common multiple of two or more quantities, and apply it 
to find the G. C. M. of 3a* - a^lf^ - 2b* and 10a* + Iba^b - 
lOa-6- - 15a63, and the L. C. M. of *« - 2a? + 1, aH» - 3a^» + 
3a? — 1, and a?^ — a:* — j? + 1. 

(17.) Simplify the following fractions : — 

19 J-2 



Cii.) 
Ciii.) 



2(a:+l) 2(a? + 3) (a? + 1) (a? + 2)(x + 3) 
2 8 ar + l a^ 



(ar + l)a .T + 1 a?2 + a? + l (a?* + a? + 1) (a? + 1)» 
1 1 



{a - 6) (a - c) (a? + a) (6 - a) (c - 6) (a? + 6) 

1 

(c — a) (c — ^) (vP + c) ' 

(18*) Define a Surd, and sunplify the following expressions :— 
CO iy^-4>/162 + 4^288 -^j^V'^OO. 



ar-y V {x-yf x-y ^x-^y 

(19.) Prove the method of finding the square root of a quadratic 
surd, and find the square root of 28—10^/3 and — 18^/~1. 

(20') Prove the law for finding the sum of an arithmetic series, and 
find the sum of $ + 1^ + &c. to 6 terms ; and the number of 
terms when the first term is 3, the difierence 5, the sum 1010. 

(21.) Prove the law for the expansion of a binomial, and expand 
(rt + 26)« and (a'-ar^)"* 
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(22.) Solve the following equations: — 

a ) ^^^^^ llx-h21 8a? + 80 



fii.) a!»-ar + 6 v'«=-2a? + 6 - 11. 
(pi) — + — « a, and — + — — ft. 

(iv.) (*»+^ + 4jy(jr+5f)« = 1396, and «-y - 4. 
(v.) j?+y+« = 14, «»+y« + s>-84, and «8«y». 

(23.) A« B, C, reaped a field in a certain time; A alone oonld do it 
in 12 houn more, B in twice the time that A could, and C in 
three times as long as B. What time did it take all of them ? 

(24) Show that ar* -k-ps^ + qsfi +rx^^ can be resolved into rational 

quadratic factors, if <> «- -= ; and thence solve the eqoa- 

tion**— 6a^+5a:'+8»— 4 — 0. 

(25.) Resolve ■ into partial fractions. 

a?*+a* + l 

(26.) Find the fourth term of (o^ + j6» v'--I)~*5 "^d the coefficient 
of 07^ in (2- &p + 7*»)*. 

(27.) If 8^, Sg, 8^, Ac,, denote the sums of an infinite number of 
• infinite decreasing geometrical progresaons, whose first terms 
^ are a, a', a', &C., and common ratio r, 2r, 8r, &c., prove that 



(1.) A railway train, after travelling for one hour, meets with an 
accident which delays it one hour, after which it proceeds at 
three-fifths of its former rate, and arrives at the Terminus three 
hours behind time ; had the accident occurred 60 miles further 
on, the tnun would have arrived 1^ hour sooner. Required 
the length of the line. 

(2.) Multiply together a'¥a, b + », and o + x, and resolve afi^afi 
into four factors. ExpUiin the meaning of x\ when n is 
(i; fractional and (2) negative. 
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(3.) Define the base of a syatem of logarithms. What U meant by 
the characteristic and the mantissa ? Show that in the com- 
mon system, the characteristic of the logarithm of any number 
can be determined by inspection. 

(4.) Given log 2 = -301030, log 3 ==-477121. Find log 24, log 6-4, 

and log '006. 
(5.) Solve the equations— 

(«)£±«_£ZI.2»-18. 
2 8 

OS) 7jr+ lly - 57, and l&v-21y - 28. 

(7) jfi+xy + f/^ = 7, and a?— y « 1. 

What condition must be fidfilled in order that the two roots of 
the quadratic equation oar + 6jy + c = 0, may be equal ? How 
does it appear that a quadratic equation cannot have more than 
two roots ? ^^ 

(6.) If a napoleon be worth 15«. 10^, find the least exact number 
of napoleons that must be given for an exact number of English 
sovereigns. What is the least number of napoleons that may 
be exchanged for an exact number of sovereigns and shillings, 
so that the number of sovereigns and shillings together shall be 
the least. Specify the numbers in each case. 

(7.) State and examine the rule for "double position." Solve by 
means of this rule the following problem. A workman was 
hired for 60 days with the condition that he was to receive 8«. 
per day for every day he worked, and to forfeit one shilling a 
day for every day he was idle, and at the end of the time he 
received 6^. 12*. How many days did he work ? 

(8.) In any equation x + ^/y = a + ^^6, which involves rational 
quantities and quadratic surds, the rational parts on each side 
are equal, and also the irrational. Show how to find the square 
root of a binomial, one of whose terms is rational, and the other 
a quadratic surd. Examine when the square root of an ex- 
pression of the form a + y/b + ^c + v^d may be found by an 
analogous method. Extract the square roots of — 
(a) v^l8 + v^l6. (/8) 6 + v'8-v^i2-^/24. 

(9.) If 4 = ^ «f»« Ac., show that 

\ b ftd + n^&^ -f »2^a-t-&c. * 
(ft** + 6, '• + fta'* +&«•)" 
If g, 6, c, be positive and unequal quantities, prove that 
(g + 6 -f c) (a6 + oc + be) is greater than ^abc. 
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(10.) In the ezpansioD of (1 + 1»)", show that the coefficient of « is 
always n, whether n be positive, negative, whole, or frac- 
tional. Show that the (r + l)th term of the series for (1 + x)* 
may be written 

1.8.6.7....(2r~8) ,_^xr-l £ 
I 1.2.8.. ..r ^ ^ 2'"' 

Afisaming the form of the series fbr ^, prove that fi+^f 

has for its limit t^ when n is increased without limit. 

(11.) Show how to reduce a whole number or fraction, expressed in 
the decimal scale of notation, to an equivalent number in any 
scale having a different radix ; and show that in an^ scale, 
the radix of which is r, any whole number when divided by 
r+ 1 will leave the same remainder as the difference between 
the sum of the digits in the odd and even places leaves when 
divided by rf 1. Express 51782*125 in the scale whose 
radix is 8. Extract .the square root of 8445'41 in tiie scale 
whose radix is 6. 



XXXIL 

(1.) State the rule for Multiplication in Algebra (1) of monomials, 
and (2) of multinomials ; and multiply 

a?— 2a*j? + a«"— ^ by 9a*—ax + Safl. 

(2.) Divide a^ + (2ac—b^a^ + c^ai* by a^bx + cntP, 

(3.) Reduce to their simplest forms— Cl) f^ + ^-^ , 



Oi.) " , 1 (iii.) i 

^ 1 



(4.) Solve the following equations : — 

0.)?^^5^-5x-l74. 

(ii ) ^"^ g^-a __ 2ajy 



1-— 

9 



0i.)?^_5^.1.^a<r-^»-,-l. 
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(5.) A. and B. ran a race, which lasted five minntes : B. had a start 
of 20 yards ; but A. ran 3 yards whilst B. was running 2, and 
won by 80 yards. What was the length of the course, and 
the spee4 of each ? 



(6.) Find ^-^ - 2a3? + 6a-ar - 4a»* + 4tf<, and ;^46666. 

(7.) Stopiify G.) [S(-f-)*]*- 

Cii.) (^6- v'2) (v/2 + yF) (^6 + ^2) (v'a-./r) 

(8.) Solve the following equations: — 

(5.) 8«»- 4* = 82. Oi-) ^ + ?^ - 1. 

* + 3 a? + 1 

(iii.) ipa + y8 = j^ and «* - ay + y' « J. 

(9.) Find a number the square of which shall exceed the square of a 
given number by three-halves of the product of the numbers 
themselves. 

(10.) Sum the following series : — 

p.) 1 + 2i + 4 + ,. ..to 10 terms. 

G^-) f + i + F + to 6 terms. 

Cui.) -23 + -0023 + -000023 + .... to infinity. 

(11.) Define arithmetical, geometrical, and harmonical series/ find 
the harmonical mean between 2 and 7; and shew that the 
sum of the first and last terms of an arithmetical series is 
equal to the sum of any two terms equally distant from the 
first and last terms respectively. 

(12.) If a : 6 : : : <{ : : :/, shew that 

C\ "S ^"^"^ _ c + <^ _ £+/ «. V g + c + g _^ a_ 

^'^ a-h^ c-d^T^f ^ '^ b + d+f" b ' 

(13.) A number of two digits : the number formed by inverting the 
digits : : 7 : 4. Shew that the first dig^t : the second digit 
::2:i. 



(14.) Ilnd the sum of the series — 

(i.) 2i + 3$ -f 5 + . . . . to 12 terms. 
pi.) 16 — 3 + J —. ... to infinity. 

Ciii.) — + a + ?f^.. ..ton terms. 
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(15.) Shew that ^±*±^±^ ia greater than the least and lees than 
p+q+r+s 

the greatest of the fractions —, — , ^, — , each letter re- 

p q r s 
presenting a positive quantity. 

(16.) Two casks A. and B. were filled with two kinds of sherry, 
mixed in the cask A. in the proportion of 2 : 7, and in B. in 
the proportion of 1 : 5. What quantity mnst he taken from 
each to form a mixture which shall oon^st of 2 gallons of the 
one kind and 9 of the other ? 

(17.) Three quantities a, h, c are in arithmetic, geometric, or har- 
monic progression, according as 

a-'h a a a 

« — , OT"— -T-, or » — • 

6— c a b e 

(18.) The number of combinations of n things taken r together is 
the same as the number of combinations of n things taken 
ft— r together. How many words can be made of the letters 
of the word rotation 7 

(19.) In what scale will the common number 5261 be expressed by 
40205 ? What are the greatest and least numbers which can 
be expressed with five digits in that scale? 

(20.) Express v^50 in the form of a continued fraction. 

(21.) A person makes 20 lbs. of tea at 4>8. 9d. by mixing three kinds 
at 39. 6d., 49. 6d.^ and 5». How can this be done, using no 
fractions of a pound ? 

(22.) A., B., and C. engage to do a piece of work which would take 
A., the best workman of the three, nine days to do single- 
handed. They work altogether for three days, when A. is 
disabled. In how many days will B. and C. finish the work, 
B. being only half as good, and C. three-fourths as good a 
workman as A. ? 

(23.) Revert the series— 

y « jr-i*3 + id?*-fa?7+ .... 

(24.) Find the number of balls in a triang^ar pile, each dde of the 
base containing 25 balls. 

(26.) Obtain the rationalizing factor of 8" — 6*. 

(26.) Expand by the binomial theorem — 

(o-a?)«, and (1-2*)^ to 6 terms. 
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L 

No. 2. [^w.«H.] 8. Zml *• C^O 8. [508.] 

9 3 



10. [4v'-3v'3-7 + 4V'3 + a'/-v'S.] 11. [O.] 12. [81.] 

18. [ii + 1^] 

no 8 

in. 

^0.1. [^fw. 2a+3ar.] 2. [a^ + «» + ««.] 8. [3a?' + o«.] 

4. [jr-7.] 5. [ar-3.] 6. [a»+7.] 7. [6a?«-l.] 8. [a^-ar^.] 
9. [«2-5^.] 10. [a(2aa-3y«).] 11. [o:-!.] 12. [a: + 3.] 
X3. [aj3 + *«y + ay+y».] 14. lix-^a)^.-] 15. [(a' + o:^ (a-or).] 
16. [1&F*-1.] 17. [ay*-5«2 + 4.] ig. [8(l-ar^) (l-*).] 

19. [a«-ar«.] 20. [**-«*] 21. [a?»-y^ 22. [(a*-6^) (a«-i«).] 
23. [(ar-.l)»(a? + l)(«»+l).] 

IV. 

iVb.l. r^iM. 4o«+12a5 + 96', ^ + - + ^, a2-6aA + 9&s.] 

4-39 

^ ^ , - . 3a:' a:* ar* ar* arV 

2. [l+2ar+3j!* + to« + a?*, ^ +* + "T" + T + 77' is ■*" "•" 

3a26 + 8ai«+6», a^+6a'i+i2a6»4-86», l' + f^ + f^ + -^.] 

8 4 627 

H 
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6. [a?«+S«r»+6aV+7aV + 6tf*a» + 3«*« + a», *""Y "*" "i" "" 

8 8 32 64 

27a?«, ar* - 3ay^ + 3a?^y* — ^r, » - 6ar*y* + liap^y^ - 8y.] 

~) - 7, » - a?-* - 3 (a?* - 9~^ - 6.] a [Sa^Ac, 

S(^lfi<^, 24a~6"c>0 9. [4a-66, 4<^-6a + 8.] 10. [a-^b + c^ 

11. [*»-3aJy + 3ay»-y».] 12. [af»-ar + i.] 18. [^ + «.+ f.] 

2 3 

U. r*+l— !-.] 15. c2f-6 + ^.] 16. [2x>-.aaf + i.] 

a? 7y 4ar 



«2-C>-^%4 


+ 4«.l 28. [*»-»♦.] 24. [a«-te+ 1.] 


^^•c|^^.] 


26.Cj-f] 27. [,-4 + 1-0 


28. [^_±.] 


29. [«*-«-« ^-^.] 80.C— .- 



a, _ , _ i. .] 81. [Ite - sy.] 82. [«» - 2^.] 88. C.^+4«.] 
""'■^ah^Ai*^-^ 86. [«-.-.] 86. [2.-10 



yo.l. [^.!i?0 2. [lio 8.CJ^0 4. [00 

48a 5x 30a 

6. [00 6. [I.] 7. [0.] & Cj^.] 9. [10 

10. [K] U. [OO 12. [0.] 18. [oO 14. [00 
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^^c.-^-^ ^«-Co^-^ ^^-frb-^ ^^f(ri^ffir7)-i 

19. [0.] 20. [0.] 21. [0.] 22. [0.] 23. [O.] 24, [O.] 
25. [0.] 26. [0.] 27. C^.] 28. [o.] 29. [l.] 

80. [r*+(r< + g*) a? +<g««.] 31. [^Z*^.] 32. [o.] 33. [O.] 

a + bx 

84. C-i^.] 55. r ^ ] 36. [j?-y.] 

V-9 -* ^ >-i) (j?^2) (a?-3) ■' ^ ^-^ 

^y j.3a6(3ai^»')j 3g^ [^lf*;±?.] " 39. [l.] 

tf*— 6* (a + 6)* 

*- (3-ar)« ■• •■ a + a? "* V+^X^+O 

' >i- 1) (*-2) (J' + S)*-* * ^2(1 -ar*)'-^ 

45. [ ^ ] 46. [ l(J-lif5_.i 

47. f— -Ln^f 1 48. r I 1 

V - *) (1 + ')" a^^(*-l) (x + 4) -* 
49. r 3 + S^ + 3^ ] 60. [ ! ] 

61 r 2j;»-a^ -. go r ^+ ^ n 

* ••(«*+ 1)2 (*« + ar + l)*'-* * V(ar»+ l)s"* 



58. ri- ("^ + i^ V] 64. r ^^^ ] 

65. C ^ + ?.] 56. ll .] 57. r_J^.^^^^JL_.] 

58. r r-^i— .] 59. C ^ sr] 60- [»•] 

61. [d.] 62. [2(a + J + c.)] 63. [0.] 64. [^x^.] 

65. [a.] 66. [--^£±1-. ±.] 67. [o.] 

abc + a + c 3a? 

fig r ^ -1 go r 5 1 

* > + a) {x + b) (x + c)'-^ ' (^-a) («-^) (J^"0 

H 3 
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70. r f' 1 71. r x* + x+i J 

>-a) (x-6) (x-c)-* (x~a) (x - 6) (x - c) •* 

76. [»»-3« + 5l.] 76. [x-6.] 77. [-5-.] IB. [i.] 79. [i.] 
80. [1.] 81. [l.] 82. [1.] 83. [1.] 84. [i.] 85. Z- 3 
86.M 87.C|-^.] 88.[J.g.|.] 

89. [a»+i + a + i.] 

ITo. 1. [^ii#. a^be^; a^bf(^i ai-ca?.] 2. [QaM-r 

25aM.] 3. [a-y.] 4. [a + 6.] 6. [**+»+«*.] 6. [a*-**] 
7. [9a?+I4a-^+26a:*.] 8. [3(x^ + a?*y*+y^.] 9. [a-6.] 

10. [a:-mp.] 11. [a*-QaM + 6*] 12. [H-y''^+y* + y* + 
yi+yA + yff+yA+yl] 13. [3aM-6aM.] U. [**+«*-' 
ar-*-a?"i] 15. [a* + aM+aW + 6f ] 16. [j?«-2 + a-^.] 

17. [x* - a?"* ] la [a*- aT^a?T^ + a?* ] 19. [a?* + -^ + -j- •] 
20. [4:*-a?""* + 1.3 

VL 

Ko. 3. [4fM. 720.] 4. [-360.] 5. [11 -/3.] 6. [13^/5.] 
7. [a*ftt] 8. [15^/2.] 9. [l2-v/3+UV'2^] 10. [2 V'* + 7 -v/7 
+ 8V'3.] U. [21(^/2 + ^^3).] 12. [SV'a;] 13. [?5^.J. 

14. [iSv^ilj 16. [48^3.] 16. [70^12.] 17. [4^/10 

18. [y|.]^ 19. [17S0_ 20. [«^/A.] 21. [y^.] 

22. [2a« y6.] 23. [yar-*y».] 24. [48 ^4.] 26. [6a -v/6 + *.] 

26. [(4a2-2<Rr)v'6S.] 27. [^ VTi, — i- .] 28. [Say^fj 

3^/6 
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Zd. Ca'*-tf*6*.] 80. [37 ; 28.] 81. [- 30 (1 + v'^) I 

106.] 32,[-a*6^; a^b^^~l,2 88. [4?* + 2a»-8«»-6jr-.l.] 

p4. [(a»-y») "" .] 86. [9.] 86. [ia<i»v'^.] 87. [a%*.] 

88. [2^.] 89. C-Lj /l+-L.] 40. [v'fiTays, 

VTo + ^6.] 41. [(a^-6>) •« .] 42. [«-*-.»*.] 43. [a*+y*] 

44. [>**"Tfr.] 45. [<wy-] 46. [-4^L^.] 

^b + -v/c 
• -It- y- 

47. [«T_±ftn^pj 48. If- y/^.] 49. [b(Sa + 56).] 

60. [-i-3.] 61. [-±±i!^ .] 62. [yS^^ + v'^+^O 

63. Ca*».] 64 [to.] 66. [a+v'Sj 66. [^^il^^] 

67. [a «V-a "'i?'.] 69. [2111^; 16-3^15.] 
60. [8 v'S - 7 -s/2 J \/3 + 1 + -v/2.] 61. [v^2.] 62. [|.] 

68. [9.] 64 [Ig^] 66.[4ii.] 66. [^L_.] 

67. [ « + 6 + c "I 68. [ ^^ .] 

-/(a + ^-c) (a + c-^) (6 + c-a) (a^ + 6i)2 

69. [J±.] 70. f + ^^^'^^/y + y/'^-] 71. [^^.] 

«»-l 3^2 3 

73. [8 + -v/2 ; 1 + v'?.] 74. [-2 + -1 v^~ ; » - 2 -/ii] 

76. [s-y/i; 1+-/^^] 76. [6~2-v/~; 2--/ ^5.] 

77. [i-L^; 3 - 3^^".] 78. [2-*(y7-i); 2 ± 2v^i.] 

^^ 

79. [2+v^3; 3-*(i-a/5)0 80. [L^N^-aCv^lH-v'tri).] 
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81. [»+>/J?iP; l-a?+v^l + 2a?-««.] 82. [ /i±!i + 

'y^iZ^j^-V'^^^^.J SS.Cl+V^M + v'?.] 84[y2 + v^3'; 

i(\/7 + v^i).] 85. [1 - a y^; 1+^/3 + V^O ^- [a?*-«*+ A] 
90. [ yi the greatest, a^d V^ the least.] 

' vn. 

iVo. 1. lAns, 8.] 2. [f ] 8. [I.] 4. [9.] 6. [3.] 6. fia.] 
7. [4.] 8. [2.] 9. [7.] 10. [-v.] 11. [f] 12. [12.] 
13. [l^.] 14. [9.] 16. [16t«^.] 16. [H.] 17. [llf] 
18. [17.] 19. [5.] 20. [7^] 21. [*.] 22. [ft.] 23. [7.] 
24. [17.] 26. [4.] 26. [14.] 27. [ll.] 28. [3.] 29. [7.] 
80. [f] 81. [17.] 32. [If] 83. [21.] 34. [i8.] 35. [7.] 
36. [6.] 37. [8.] 38. [f] 39. [l.] 40. [4.] 41. [8.1 
42. [10.] 43. [3.] 44. [If] 46. [-2.] 46. [2f] 47. [-19f.] 
48. [1^.] 4Q. [Sf.] 50. [AO 51. [4.] 62. [f] 63. [-4^.^ 
64. [3.] 66. [6.] 66. [8.] 67. [4.] 68. [2.] 59. [l^.] 
60. [6.] 61. [8.] 62. [6.] 63. [2.] 64. [30.] 65. [2.] 

^ . 70ab - sac ^ gy r *^^'"^^^ ] 68. [^1^:1^.1 

^ 3200 ■• *■ 4a-36 "^ •■ 26 ■* 

69. [-^.] 70. [g.] 7l.[7«.] 72. [12a.] 73. [-^.] 

74. [5f±i£.] 75. [Z52f.] 76. [4a.] 77. [8a.] 

7 79 

78. [i.] 79. [4.] 80.[?£±?.] 81. [^(^±4=^14.] 
32 j.5(a->-g~fe)j g3 [«i±*f.] 84. [<^ + a»6 + 6.] 



a a 



88. [aM-(a + 6).] 89. [-11J.] 90. [9.] 91. [4.] 92. [9.] 
93. [25.] ■ 94. [-2f.] 95. [2.] 96. [f] 97. [i€3 98. [* J 
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asL £8.f.] 100, i-d^—.-} 101. [^2iiif.3 loa. [0.3 

V'a-l-2 2* 

103. [± /"pi.] 104. c.*^* .3 106. ci^^rJ).] 
106. [<'^-"'\f.3 107. t-^!^.] 108. c f-'7 -3 
109. [ "-^^ — 3 ua [52 .3 111. t;?2.3 112. [30.3 

118. [± /Hri.3 114. [ii^.] 116. C-^0 
116. [«(y^qv^*).3 117. [inL.j 118. [±:f!.3 

119. [1.3 120. l^±|f*.3 121. [|±y^-l.3 

122.1:1.3 m [|(i+-L).3 i24.c<,+8.3 m [^.3 

m.C-L»3 188.[/iZj3 184.[^.3 136.[„/a-J.] 

186. [^^.3 187. Cv^IT;?xl::£±^^£li23 las. [ix 
2f::l3 m c^/(a-a)»-i.3 140. [ilt^.3 i4i. [-0.3 

a+l 4a (a +1) 

146. C4«.3 146. [± i^.3 147. [i. /i-(|)'.] 
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150. r2«y* 



Z52. 



ty 



3ae 



«(c»+l) 



.] 



158. [^ t^6.] 



164. l±.l 



156. C±«/ 0-,)(, -±).] 156. [i./^-.] 



169. [ 



V(l-a) (9a -1) 



•] 



ieo.[»(i-i)..] 



2. [a-. 



^l+(6-.l)« 
164. [+3^/0 + 0-,] 



] 



161. [3.] 



vm. 



2Vb.l. [^iM. +3.] 2. [+4.] 8. [+1.] 4k. [+3.] 5. [±^.] 
6. [±5.] 7. flO, «.] 8. [8, 2.] 9. [8, -.40.] 10. [3, -1.] 
11. [~l, -12 ] 12. [17, -4.] 18. [-6, -20.] 14. [1, -20.] 
16. [6, -VO 16. Ci. A.] 17. [6, -VO 18. [3, -f.] 

19. [2, i/-6.] 20. [ + 3, Iv'^^] 21. [2, i^"^.] 

^ 22. [3, t/^TT.] 28. v^'S, yri.] 24. [v^i, v^?.] 

25. [4. or -6^.] 26. [6, 3,^] 27. [8, -,fr.] 28. [8. 13|f.] 

29. [3, -3|t.] 80. [9, Ij 81. [5. 6^.] 82. [y. -If.] 

88. [3, -3^.] 34. [4, v^-190.] 86. [4, -If] 86. [6, -4.] 
87. [3, -f ] 8a [2, tV] 89. [i, -f ] 40. [1, or -4.] 
41. [3, -3.] 42. [9, -ft.] 48. [+3, +-/«] 

44. [0. +9.] 45. fl. "^±y^.] 46. [2, I, Hii^^ .] 



^^•C±/t' ±/^^-3 48. C4, 2, Zli^^.l 
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4Q. [+3, i^y- 15.] 6a [9, 5 ± (-^)i] 61. [tf, 5,] 

52. D,-^.] 53. [1,4.] 64.[a4,a-|.] 



;^^- f-S-'-] 



66- C«+6, -c] 



67. C±-2*L.] 



'<»*+J* 



68. Cf, -21' .1 69. [Iti^.] 60. C?^.x.r±.3 

6L [l(zl + v5.] 62. [JL, -£-.] 63. [-?f, -2?.] 

.64. [12A, -2f!.] 66. [*±''.] 66. [^.] 67. [^.] 
•-. 2-' "-a 6 ^2 

68. [A, -A.] 69. [3a, 2ft.] 7a [*, -^.] 71. [-t!!.] 
a 6a m n 2 

72.[!2±L^] 73.cl(-j+y^z;p).] 74[+f±^yFi:5^.] 

75CI. -?*.] 76. [a, 1.] 77. [J£-, Jll.] 78. [^.] 
a-A ^ na . a + 6 a+6 2 

79. [A (-a«±v^?+7*).] 80. [-£. (-3+^3).] 81. [. 



2(6 + c) 



(rf+y4aA + rfO.] 82. [ + ayA.] 83. [±/-^.] 

84. [a + 6, c-6.] 85. [ + 1^1.] 86. [?±i^^?|l*, ^Z^J^f^.] 
V^& a— y/oA + ft a + ^a6 + 6 



A^ r2a+3J 30—26 1 
* 2a -36' 3a + 26 



88. [I, JL ] 
a— o ' 



9. [a.^.] 
wa 



90. [^, h] 91.[-^-ife^.] 92. [25, 16.] 98. [9. 4.] 



-6' a 
94 C -^».] 



95. [-1, -8.] 



«6. [+1. 2-v/-i, 



_i±V;i] 97.[2,or3J.l 98. [+6, +^^38.] 99. [-i,or|.] 
2 

100. [3, OP -f.] 101. [2, or -f] 102. [ + 2ay^, +a^/^6.] 



103. [a, g±y5a^~8ao-| ^Q^ |.jg^ gi^ j^g^ j.^^ ^^ ^ J 



B8 
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111. [+5, +3v'i] 112.[±v/6,or +^3.] 113. [+|, +^. 
'114. [+ iO 116. [6. w 3.] 116. [+ ^iab-6>. m 0. 

117. [±»^.3 118. C+o, or +^:} 119. [— i^. 

^- f^/& ^^-C-^tS^] m.c±3.v'-. 

123. [8, -f] 124. [0, iv/ri] 126, [+j^r. 

126.C±-=L=.] 127.C±<-5^.] m[f-J^|«. 
129. [+ v'to*^.] 130. [la, -3.] 131. 1-9 + ^. 

r- "^' 

132. [+5.] 183. [4, 1, -«±_^v^-7 .] 134.C+5. +4V'5. 

135. [4, (-6)*.] 136. [4, Ks + av's).] 137. [1, l±i^. 

3 

138. [I, i±^.] 139.[l,i±v£l] 140. [4, _8, -»±«-/^ » 
3 3 » ■■ 

^ 141. [liv'i. ±v^4.] 142. [iii^.] 143. [i(i + 

^/TTvfiJO 1«. [4. or -3, iti^.] 146. [+ 1. 

±^ZT. ±i±^. ±/i±S.] 146. [.. UlivEF.] ' 



147. [-1, Lz£ivVz^z£.] 148. [-1. L±.v^l£i±.] 

i«. [s, -I, a+v'?.] 160. izl±VE, ±^-=1.2 
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151. [±^/~, 2, i.] 162. [l.oritv/zJl.] 153. [ij 

ori(3±v/i:)] 164. C?f. ?f/-i + l/ilVl 166. [i.(6-h 

-i/Z^-2aft.3 166. [-«, a (3-4a«).3 167. Ciy^itvl^ .} 
168. la (3±yf)*-2^ .] 169. f^ .„j 160. [?f, -2a.3 

161. [| (-3+yl^.] 162. [12±v^.] 163. [± x" 

(9±4V2), 4-(*±^v^-^)-3 164. C+ /-I.] 165. [93, 7.1 
S ""^ -/3 * 

166. [V, 3.] 167. [6, -f§.] 168. [f. f.] 169. [20? x 

(i±y i^-j)-] 1^0. [+2, ±^=?.] 171. [4, «.r 






mi^^mn^n,i 



•3- 



i_ _ 

<4±iv/teTI)™-3 lyy. [(i+v^sr-g".] i78.£(-L + JL + 
(i+v'5)"'+a'» a « -■ 

y-T-T)-^ I'^-C^J 180. £0.8.] 181. £3, -I. 

21±i^.3 182. £5?2.o.] 183. £ ''>\ .] 






X84. [I(3±yi3). 9±4-/7.] 



i85.[fl,±(7 + y':T7)J 



186. [i(3±y-7), i(-l±V'^^).] 187. [LtH^iv^l^.] 
2(1 -a) 
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1»[»±V<5^. where ««=!i±A^^?l^.] 193. [•±^5^, 



a— 1 



2(a-l) 

wi«.^-^(-.±yT3;;0.3 W5. [i, i^.3 

M& [± * ± i^^O !»• [/^^a 200. l± - 

y^ ' 1.3 201. [a«(«+y»), *■ - — I + -I- v/V+4*.3 

202. [+'/(»±(»-l) v^i-«y-'^-] 208.[M01.tV(-'±V'W)*-3 
204. [a. -J.] 206. [4,9. ""-/"" •] 206- C±v^{<^- 

t (81 + 9767).] 209. CS,-i. 1(9 + ^97).] 210. [±^^1^] 

2^^- I^T /¥ * T yl - "J 212 . [.. »± V?.3 

218. [<»+« ± v's^+s.] a*, [n ± v'm+9i/257+a4v/TIi.- 



IX. 

JTo. 1. [Ant.Jf3, y=4.] 2. [#-5, y-a.] 8. [«=«, jr-H.] 

4. [ar-480, y-672.] 6. Cx=7, y-'O 6- [»=*• ^"'0 

7. [x-H. y-18.] 8. [«=s. y=8.] 9. [»=9. y=2.3 

10. [x-i. y-i.] 11. [x=3, y=2.] 12. [x-.5, y=7.] 

18. [*-8, y-4.3 »4^Cx=99, y-15.] 16. [x-4,y-3.] 
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Ifl. [*i*S, y-aj 17. [«-ai, y-20.] la [ar»7, y-4.] 
19. [«f--02, y-2-9.] 20. [a?^lO, y«5.] 21. [«--^, 

* = ^6-3 24. [»-5;sr56' y -.Satis-] ^- ^"irrv 

lab + a~'b)ab {a—b—cU»)ab _ oo r cfi + h^ 

, = 0-^4^0 29. Cx-^.,-,^.] »0.C*- 

a6 n'— m» ofi «'— in' _ «4 n 2f»* 

X -r , y = X J—.] 31. [X » -T rr» 

nm no^ma ^ urn a»— ^m-* •■ ^{a + o) 



-T X 5. 



85. [r-2i^or ^,(^+6); y « 5^* (*^^(a^J)0 S6. [x- 
IZ*, y«^ alao ir-y«a + J.i 87. [* « 8, y - 3.] 

Sa [a?=±6; y=±3.] 39. [4?=a-6,orO; y=-6,or-a.] 
40. [af=6, OP -4; y=2,or -3.] 41. [a?«5,opf j y==3, or -f] 
42. [ar«+9. y-±5.3 43. [ar*3,or-^; y«ff, or 1.] 

44. [a?=7, OP -3; y-.3, op -7.] 45. [x=9, or -Jjf ; y»-8, 
«•¥•] ^- [^==7, y=6.] 47. |;a;«8,orf; y=6, oP -f] 
48. [ar«+6, y= + 5.] 49. [a? =2, op -'I ; y=l, or-2.] 50. [a? « 

+ 6, OP ±— =j y=±6, OP +-^— .] 51. [.i?«=4,op2; y-2, op4.] 

52. [a?=3, op 2; y«2, op 3.] 53. [a?=6, or 3; y=S, op 6.3 

64. [x «= ±5, y « +4.] 55. [af=6, y=5.] 56. [a:=ll, y«3.J 
67, [ar«a,0P2; y=4.3 68. [a?=li, y=3.3 59. [x=6, y=2.3 
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eO. [«-S,or2; y=a,orS.] 61. [«-3, y«a.] 62. [a?-!, 

2 *i 

or +-= ; y=l, or +-^.] 63. [af=l, or S; y«2, or 1.] 

64. [a:=2, orl5 y*l,or2.] 66. [a?«2,y«i.] 66. [d?«2, 
y=l.] 67. [*« -l,or J; sf«l,or -f] 68. [««4,y=3.] 

69. [a-^S, or -2; y - -2, or 3.] 70. [ar - V J- + J- , 
'^ A/a 2 

y-V-i-i^-] 71. Ca?-±s; y-±2.] 72. [x« + io, 

^ * V^2 

y-±3.] 78. [ar-2,or-lj y-l.] 74. [x-±2, y«+6.] 
75. [a?«4, or -2; y"2,or -4.] 76. [«-i(-l±A/3, y--l.] 
77. [a?«3, y-l.] 7a [6, 4, 3.] 79. [8, 9, 12.] 80. [l, 4, 27.] 
81. [18« 32, 16.] 82. [128, 48, 68.] 83. [l, 2, 4.] 

84. l^f V* -12.] 85. [20, 10, 16.] 86. [4, 5, 6.] 

87.' [20, 8, 3.] 88. [4, 3, 2.] 89. [3, 2, 6.] 90. [6. 7, 2.] 
91. [10, 20, 20.] 92. [46, 30, 30.] 98. [4|, 8, 24.] 

94. [6. 12, 8.] 96. [6, 9, *.] 96. [ ^f^ . , ^^" . 

ao + bo^ab ab + bc^ao 

obT^^^bi^ ^' ^^' ^' ""-^ ^ "^(d-cXa-c)* (6-c7(a-6)* 
—-jL—^.] 99. [24, 60, 120.] 100. [4. i. i.] 

101. [1, 2, 3.] 102. [3, 6, 7.] 106. [(6c*»ar-«)»^, (ai»oc-8)^, 

(ca»o6-«)^.] 104. [I, 3, 4.] 106. [i, 4, i, 0.] 106. [lOD, 

60, -13, -60.] 107. [3, 7, 11, 20.] 108. [2, 4, 3, 3, l] 

109. [ahc, fli + ac+6c, a+6 + c.] 110. r±, A, ±, or-a, 

2 2 2 

2&, i..] 111. [m, m, m.] 112. [4, 3, 2.] .113. [2, 3, 6.] 

114. [5, 3, 2, and 2, 3, 6.] 116. [±l, ±3, +6.] 116. [9, 3, 1.] 

117. [2, 2, 1, or + 1, + 1, 4.] 118. [4, 6, 3.] 119. [3, 2, I.] 

120. [8, 4, 2.] 121. [9, 3, 4.3 122. [}, 1, f] 123. [l, 2, 4, 

<»»,-6,4.] 124. [- ^ ^ ^!^ , ?*2 ] 
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'1.25. r ^^^ 3a5c Sahc ^ 

2ab+2ac^bc 2ab + 2be—ac 2ae + 2bC'~ab 

_^f5^. ..^J^.] 128. [ /^iS^), 

-/ 2(a3+.c2) ' y 2<a^ + &-) '"^ '■a* + i» + c=»' 

^:;fe' ^^-3 130. [0, «, o.] isi. [i. n, 2.J 

132. [(*^)*, (^)*, (^y.] 183. [81, 16, or 16,81.] 
134. [9, 1.] 136. [« - 1, or ij y > -l^ or f] 186. [a>- 

(v^±v/*)», y-(v'*+v^«)'.] 137. [^-yiilv^, 

y- /H+IS] 138. [If, £f.] 139. [(il^ X 

* 13 s 4 aya 

{'^(Ti^y]' "/"S-^ ^^-t'-'-^ ^*^-t««.'* 

to 1, 3125.] 142. [6, 4; OP 2 v4> ^^O 1^3. [64, 8; OP 8, 64.] 
144. [8. 1 5 OP 1, 8.] 145. [7, 8.] 146. [f, J.] 147. [7«, a.] 
148 [8, 32.] 149. [5.1; OP -1, -6.] 160. [^, 26.] 

151. [i(a±-/-3a2+^y2(«* + 6*)), ^(aTV-Sa^+W^(<** + ^*))'l 

152. [3, 2; OP -2, -3.] 153. [4, 2 j OP 2, 4.] 154. [+8, ±27.] 

165. [ + 2, +1 ; OP ±(— ) ±a~*0 166. [4, 2; op 2, 4.J 

167. [3, 4 J OP 4, 3.] 158. [4, 2; op 2, 4.] 169. [4, 3 j OP 3, 4.] 

160. [+ -Siai^^ + ^^iS=±=.] 161. [-4=, 

V'SK + w*) '"v^2(»i=J + l|2) •/4a 

(4a)* X (6-a)*.] 162. [6, 3.] 163. [yi!*-{A+ ^2^IJ% 
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165.[-l,A, or «*,*.] l^lZlli^.a.}?±^.a.^ 
167. [4. -2; or 2, -4] 16a. [«, 125 » -f -9.] 169. [4. i.] 

170. [4, 3.] 17L [^ ??; or ?f. -5f.] 172. [l. 4; or -l + 
•-3 3 4 4 ~ 



2^-2, -2.] 173. [±5j(<^+4^±^4«*6»-(6*-a^)-X±^(^ + 4» 

+ V^4a«6*-(6*-fl«)«).] 174. [3, 2; or 2, 3.J 175. [3, 2.] 

17a [3 + 2 v^2, 1.] 177. [8, 2; Of -12, -f] 178. [i(l±-v/2), 
±i.] 179. [ + 24, 18 1 or +8, 6.] 180. [4, i.] 181. [l, 1 ; 

or -1. -1; or ^-^^^^ +^] 182. [fta« + 

2 a^+ 1 

1 i 



i V'a^*-4A*^*, (ifl^-i V^a*'-4J«») *.] 183. [6, ; or 4. ?j 
or 0, -2.] 184. [20, 16.] 185. [2, 1.] 186. [4, 2; or 2, 4.] 
187. [1, 4; or 2, ^] 188. [l, + i, -*, ±iy^.] 

189. [9, 4; or 4, 9.] 190. [l6, 4; or W> and j^.] 

191. [±l, ±i; or +^^10, 3^^^.] 192. [ + 5, +4; or 

± ~, ±~'l 193. [4,2; or i, -1; or iTs^'^f 

rZi/rl.] 194. [8, 2 J or -12, -f] 195. [2, 2, i, 16.] 
196. [6, 4.] 197. [8, 16; or 16, 64.] 198. [l, 1.] 

199. [25,9.] 200. [5,3; or -»(i+y:::3). -f(l±v^^.] 

aCtt. [625, 16.] 202. [5, 4.] 203. [i? + i51±ff^.] 

2 16^ 

■f- (*» + J )•] 204. [6i, - aj; or 14A, - 14*.] 806. [*, 3.] 

i06. IVa^, v'F^.] 807. [ + 8, ±11; or ±8vA^. 

;t27V¥.] _208. [«--!, -f, ^(-1+4V'^); y = -l, 
^(-1+4^-1).] 209.|:ir = S±av'aj y=l, or 17-18 V'a.l 



AXSWKHS. 163 



211. [{i'*(v'a~-« ± ->/««-«- 6"*^-)}'"'*"'*, {a"*(5»-« ± 



2^ 1 1 



V^6«-?»- a-™)}"*""".] 212. [cCa-ftY"^"; (a'-J^r"^".] 

213. [1,4; OP -1 + 2^-2, -2.] 214; [8,4; or -4,1; 

or 84 + 16 v'e, (-4+2 v'B)^.] 215. [|. + ^ J -. ?2? + 

9.144.] 2l7.[5,3;or ^4f.-2if«.] 218. [IlH^^ x « ; 

^^~^'^^ . X a.] 219. [n ± 2 V'ie ; U + 2 v^26.] 220. [2, 1.] 

221. [ _2«*v/3^' . _2i»y3^^ -J 222. [or- 

V^3»3 + ^4 »**-«» v^3»» + V^4j»3-»* 

y - i/^TTn; or "-H, -?L±|, and o?-2»+v^i»''-3w» + 5»», 

2V« 2V« 
3« = -2*» + v'w^-Sww + Swaj 223. [-i (6 + ^2a^-if^ + (^)i 
i(c2-2a2+ y2a«-ft2 + c2)*] 224. [a? = i(a« t « v^<?+4)=w; 

y - Jll^/^,2 225. [2, 4; or H + 3^5,^ + 6^5!] 

226. [^(V^^3 + 3 + \/«/3-l); 4(^3x^/^3 + 3 + \/?/9-l.] 

227. [+4, +8.] 228. [±VlO + 2-v/5'; — /2 + -4-] 

2 2 V ^5 

229. [3,2.] 230. [3, 1; or is, +2; OP ±2-/~, 

+ 3v/^l.] 231. [+2, +1; OP ±-/^, ±2->/~.] 

232. [+#, ±i, OP +4.] 233. [4, i; op -2 + 2v^3i, 

^l3±^/-3.] 234. [4, 125 OP -^, «.] 235. [2; 

OP -2, 6,] 236. [#(3 + 2^^3 + -/2J) ; . J(3 + 2^3 + -/2l).] 

237. [^. f a«+6* + v^(3a2-62) (362-a2) j , l . (a«+ J2 + 

V^(3a«^6»)~(36«-a«}.] 238. [8, 27.] ' 239. [8, op -27.] 
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242. l:^±\y/(Aa + 2T%y/^6(;^^Aa-ab+l); ±t-v/(4a + 2±2 

^ 8a^>4a-86-M) J 243. [+ V^^ V^j^f ^ V^^y?+2^ 
\/2 ^3 + (-v/3- 1) 

/vizi.] 244. C/ ^^ Qg^ ; /IlZSiZ..] 

245. [± i(4 ± -/6) + -s/lS + 8 -/e"; ^(2 ± -/6 + ^^18 ± 8-v/6l] 

246. [±3,1; or +3:1/- 10, -10^ +^a/-3V'To, Jy^.] 

247. [2, 1; or ^ A; op ^, ^.] 248. [ + 9, ±4; or 

+ ¥, +^; or +-=L=+i^^^:^.] 249. [±(«H ±6»; 
" ^V^-271 ® 

OP ^(a-* + ii + »y{fi^h + n)»-4an) j — ^(a-& — « + 

y(a-6 + n)2-4a»).3 250. [a-6, or a - -|- (« ± ->/^^) ; 

t(« - Y (« ± -/J^^)); where » = jj (a-5± v^a?+2aA + 562).] 
251. C±^, i^j OP 0, +-/~.] 252. [S\/l0i2^/6; 

254. [2, l+i^/6.] 255. [12, 2; OP -V, -^f.] 256. [8, 2; 
OP -12, -f] 257. [1(19 + ^/106); i(3±-/T06).] 

258. [|.(i±-/i); a/i±ilj^.] ' 259. [| (i ± ^5), 
« i (1 + ^I).] 260, [4, 64; op V, ^.\ 261. [i(6* + 
v^2(X*-6*)«; ^(J*-V^2a*-6fy.] 262. [2, op f^. ijft^.j 

268. [36, 2.1 264. [±^, op ±J, op ± (^'"^ Ig^^^ / ' 

^ / 385 + ^/~335 Y-| 
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X. 

iVb. 1. lAns. 30.] B. [5, 10.] 3. [6.] 4. [25.] 5. [6, 6.] 
B. [8, 15.] 7. [C. 800/., B. lOOOi., A. 1400/.] 8. [234, 288.] 
9. [280.] 10. [ii,l.] 11. [A.6/.io*.,B.3/. 10*.] 12. [15 and 
36 years.] 13. [15625.] 14. [Numerator -^^ denominator ff.] 
15. [3, 4, 5.] 16. [36/., 12/., 16/.] 17. [Son 2000/., daughter 800/.] 
18. [5/] 19. [60/., 140/., 200/.] 20. [2 o'clock.] 21. [92* 
miles from London in 10 hours.] 22. [180^ guineas 22 crowns.] 
23. [8/. iStf.] 24. [A 22 guineas, B. 26 guineas.] 25. [8 hours.] 
26. [1000 men.] 27. [A. 120/., B. 30/., C. 60/., D. 10/.] 

28. [70.] 29. [190, and 185.] 30. [144.] 81. [3*. 9e/.] 

32. [32, 8.] 83. [540/.] 84. [120.] 35. [ill^, ^lizi.] 

a— o a— 6 

36. [A. 550/., B. 650/., C. 850/.] 37. [370/.] 38. [A's 

1 35 acres, B's 297, C*s 432.] 39. [25,5.] 40. [300 days] 
41. [8,6.] 42. [±-s/S i-ZlOlVs)-] 43. [2880 men.] 
44. [ft, «, «.] " 45. [if, H, » «•] 46. [AO 

47. [-^IZ^ and l^Z^] 48. [15 gal. brandy, 21 cyder, 24 wine.] 
2 2 

49. [15 gals., 23 gals., 8 gals.] 60. [ ^^^-^^^ ^ £p. ea^h.] 

20a (o— 6) -• 

61. [24000 men.] 52. [2*. 6c/.] 53. [200/., 300/., 260/.] 

64. [A. in a + y/ab hours, B. in 6 + ^ab hours.] 55. [3000 men.] 
56. [15 and 45.] 57. [15, 21, 27.] 58. [2000/.] 59. [2, lo.] 
60. [40i guineas, 21 crowns.] 61. [7500/.] 62. [29 miles.] 

63. [63, 84, 105.] 64 [A's 6*., B's 3*.] 65. [72 apples, 60 pears.] 
66. [520.] 67. [16 miles, 2 miles per hour] 68. [l68.] 
69. [18, 11.] 70. [3600/., 2400/., 1800/.] 71. [Stream f mile 
per hour, time 4 and 6 hours.] 72. [24 horses, 60 black cattle, 
165 sheep.] 73. [45/. J 74. [l mile.] 75. [240/., 120 acres.] 
76. [45 miles, and 105 miles.] 77. [A. in 24 dnys, B. in 48 days.] 
78. [22 men, 18 women, 50 children.] 79. [20/.] 80. [A. 135, 
B. 297, C. 432.] 81. [Each of equal ones in 32 hours, the other in 
94 hours] 82. [30 days' work, 18 idle.] 88. [450 bags.] 

64. [12 women, 21 children.] 85. [3 miles and 7 miles.] 86. [7» 
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16, 48.] 87. [Course 1080 yards, 16^ minutes.] 88. [A. 30p?., 
B. 100^.] 89. [16 and 20 tons.] 90. [8 hours.] 91. [Spokes 
in hind wheel 12, in fore 8; radii as 3 : 2.] 92. [30, 40.] 

93. [24 guineas.] 94. [36 miles.] 95. [Expenditure 602., 
produce 90^. and 120^.] 96. [l6.] 97. [9 bush, of wheat, 12 bush, 
of rye.] 98. [189 discharges of the second.] 99. [3 miles.] 
100. [10 outsides, 18*.] 101. [32 ships.] 102. [30 and 12.] 
108. [A. in 105 min., B. in 210 min., C. in 420 min., together in 
60 min.] 104. [700^. and 100?.] 106. [2, 4, 7, 9.] 106. [224 lbs.] 
107. [11 o'clock.] 108. [6, 12, 3, 27.] 109. [256.] 110. [5^.5*;] 
Hi. [2 hrs. 24 min.] 112. [6 miles per hour.] 113. [A. 1680i, 
B. 1440/., C. 1280/.] 114. [3&^ minutes after 7 o'clock.] 

- 116. [7 bushels of barley at 7*. per bushel; wheat ll«. per bushel*] 
116. [40 bushels at 10«. per bushel.] 117. [A. 11 days at 35 miles 
per day; B. 6 days at 21 miles.] 118. [6 hours and 3 hours.] 

119. [8 oz. of first, 5 oz. of second, 3 oz. of third.] 120. [432 yds.] 
121. [19 days.] 122. [A. 5, B. 4.] 123. [In the tack next 
greater than 39g~l4r j ^^ f 12 days.] 126. [3200 men.] 

126. [6 miles per hour ; 60 miles.] 127. [At the 25th milestone.] 
128. [420 of copper, 85 of tin.] 129. [30600/.] 130. [76 miles 
from A.] 131. [Debt 1031/. 58,; rate per cent. 7i{/.; price of 
bonds 78f^.] 132. [Distance 60 miles; B.'s rate 5, and C.'s rate 
10 miles per hour.] 133. [2a and 3a.] 



XI. 

Ko.l.lAns.6,8.^ a. [18. 14.] 3. [6, or -7.] 4. [43, or 34.] 
6. [25 and 15 yards.] 6. [3 and 6.] 7. [ / ±-4: and 

/ +_L X ^ - ^^.] 8. [24 and 12 yards.] 9. [3 and 6.] 

10. [1, 16, 81.] 11. [9 and 6.] 12. [2 and 4.] 13. [i (l +</5) i 
J (3 + ^1)2 14. [6 and 4.] 16. [ 2, 5, and 8.] 16. [30 and 



/ 
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f5 yards.] 17. [4 and 7.] 18. [v'S, V'^*.] 19. [3, 6, 7.] 
20. [1 and 4.] 21. [85 and 76.] 22. [24, 16, and 18.] 23. [2.] 
24. [5 and 8.] 25. fs.] 26. [10 and 6.] 27. [l2.] 28 [32.] 
29. [15.] 30. [^, T^j..] 3L [120 and 80.] 32. [28, 21.] 
83. [Sherry 2Z., claret 3^., per dozen.] 34. [l2.] 85. [60 yds.] 
86. [12 men, 16 women.] 37. [A. 40, B. 60.] 38. [7.] 39. [50 
sheep.] 40. [4, and -2 + V— 13-] 41- [7 and 21 yards.] 

42. [138^.] 43. [20 shares, at 46^. each.] 44. [ / til, 

Izi.] 45. [7 trains.] 46. [4560 men.] 47. [3 miles.] 

48. [23.] 49. [342, 456.] 50. [64, 48, 36, and 27 gallons.] 

61. [A. 36, and B. 30, miles.] 52. [ ^ „ — ■ * -~ ] 

53. [24.] 64. [15, 12, 9.] 66. [8 and 7.] 56. [6 and 18] 
57. [432.] 6a [80/.] 69. [32 bushels of wheat, 48 hushels of 
barley.] 60. [6 of wheat, 8 of oats, 10 of barley.] 61. [5, 6, 9] 

63. [A. 10 miles, B. 9 miles, per hour.] 63. [54, 18, 6, 2.] 

64. [2, 4, 6.] 66. [21 qnartoa at Six. each, each octavo 5^., each 

folio 4i gnineas.] 66. [5 and 7.] 67. [2, 4, 6.] 68. [25 and 

16 yards.] 69. [A.'s 400/., B.'s 900Z., C's 144/.] 70. [60 apples, 

20 pears.] 71. [2, 5, 8.] 72. [l + y/~ and l - y~ J 

^(a±y/a^-^b^ and i(a+ v'a2-46^).] 73. [25 gallons of 

brandy, 20 gallons of rum.] 74. [5 feet and 4 feet.] 

75. [36 soldiers, 9/. each; each sailor 12/.] 76. [5«., 7^., 9«] 

77. [108/., 144/., 192/., 256/.] 78. [18, 24, 126, 1770.] 79. [3, 

6, 12.] 80. [3, 5, 7, 9.] 81. [25, 13, 6.] 82. [2, 4, 8.] 

83. [i?^!:i^» p£.'] 84. [2, 4, 8.] 86. [A. at 4^ o'clock, 
20m(*»— n) 

B. at 5 o'clock.] 86. [23 calves at 24«., 24 sheep at 6«.] 87. [In 

S and 9 days.] 88. [l, 3, 9, 27.] 89. [lO oxen at 5/. each, 30 

sheep at 33.|«.] 90. [Side of triangle, 20 yards; of parallelogram, 

20 and 12 yards.] 91. [l, 6, 9, 13.] 92. [121, 841.] 93. [70/.] 
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94. [10 gallons.] 95. [3. 3.] 96. [8 days.] 97. f"^,"^^^^ «JE.J 

99. [20^.] 100. [3 and Si miles.] 101. [92.] 102. [6, li.] 
103. [a, 3, 4, 6, 6.] 104. [7, 21, 63.] 106. [4, 7.] 106. [693.] 
107. [1200 gallons; 120 gallons hourly leakage.] 108. [40 bushels 
at 10«. per bushel] 109. [12, 8, 3^ gallons.] 110. [P. 69S 
votes, Q. 688 votes, R. 736 votes; Plumpers 4, 558, and 3.] 

111. [248.] 112. [±^, ±^!^i±5.] 113. [30 and 25 yards.] 

114. [3, 2.] 115. [79 days; 28 men.] 116. [2, 5, 13.] 117. [2, 
3, 4, 5, 6 days.] llSi [4 and 5 yards.] 119. [lO persons, the 
youngest, 12^.] 120. [72.] 121. [6 days; 28 men.] 122. [ISO 
nines.] 123. [4, 6, 11.] 124. [144^.. 48^., 16^.] 126. [48 
minutes.] 126. [24.] 127. [5,4, 3, 2.] 128. [90, 120, 150 yds.] 
129. [Bom in 1742; age 63 years.] 130. [25Z., 162.] 131. [A. went 

^-^^ B. went ± (s/^±^\ yds. per min.] 132. [72 
na(m + n) ma\ m + n / 

and 12.] 133. [40 bushels at 10«., or 12^ bushels at 2«. Bd^ 

134. [A. to B. 10 miles, B. to C. 24 miles, A. to C. 26 miles ; rates, 

3 and 9 miles per hour.] 136. [A. 12 yards, B. 9 yards, C. 1) yards 

per stroke; velocities, 24 : 21 : 22.] 136. [A. 3 miles, B. 2 miles.] 

137. [272.] 138. [1 to 9 in first mixture, 1 to 4 in second.] 

139. [56 miles; A. 7 miles, B. 9^ miles.] 140. [Distance 54f 

miles, rates 8} and 8 miles per hour.] 141. [18Z. and 32^.] 

142. [Street, 18 and 30 chains; sewer, 21 chains; distance of month 

from B., 10 chains.] 143. [A.'s and B.'s large warehouses, 52 feet ; 

small warehouses, 20 feet; and C/s warehouse, 48 feet wide.] 

144. [A. 55, B. 30 gall] 145. [Distance 30 miles, rate of the 

wherry, 3 and 6 miles per hour; rate of the steamboat, with tide, 

12 miles per hour; against tide, 6 miles per hour.] 146. [20ofl|cer8» 

40 sergeants, 400 privates.] 147. [Time, 2 hours; breadth of each 

level, 10 feet; the length of the level at the first, 100 feet; at the 

second, 200 feet.] 148. [Wine : spirits in P. : : 33 : 5 ; wine : spirits 

In Q. : : 3:35; quantity by A. : quantity by B. : : 4 : 5.] 
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zn. 

m.2, [Ans. «"=7, 14,21; y-a, 7, 12.] 3. [af*20, y-s] 
4. [af-S, 8j y«7, 21.] B. [48,19.] 6. [af-l6, 33; y«73,166.] 
7. [a?=7, 2; y-1, 4.] 8. [56, 9.] 9. [9, 7.] 10. [-1. 6.] 
11. [5, 2.] 12. [6, 6.] 13. [14, 45.] 14. [«-91, 82; y-lO, 20.] 
15. [ir»25, 46; y-2», 42.] 16. [23, 32.] It [9, 2.] 

18. [3,2.] 19. [a?«l, 4, 7; y-U. 9, 7.] 20. [a?=15, 2; 
y-3, 11.] 21. [«=37, 86, 136; y=«l3, 30, 47.] 22. [a:=0, 3, 6; 
y = 26, 21, 16,] 28. [«-10, 16; «=6, 10.] 24. [ar«4, y=2, 
s-7.] 25. [«=4, 7, 10; y=44, 38, 30; «=76, 85, 102.] 

26. [a?«l,2,3; y»5,3,l; «=3, 4, 6.] 27. [a?«244, 216 ; 

yz=2,4; ««-25, -21.] 28. [a?«46, 4, -S3; y«6, II, 16; 

««-4, 15, 34.] 29. [af=l, 2, 3; y = 6, 3, Ij s=346.] 

30. [9, 8, 3.] 31. [4, 2, 7.] 82. [ar-1, 3, 5, 21 ; y«ll, 3, 2, 1.] 
83. [d?-13; y=3.] 34. [l, 3, 3.] 85. [x=12, 2; y = l, 3.J 
86. [a?«l. 3, 5; y-10, 6, 4.J 87. [1147, 3331.] 88. [7-] 
89. [2, infinite.] 40. [f, |.] 41. [6.] 42. [6.] 43. [il47.] 
44. [7.] 45. [S.] 46. [Men, 4, 15, 26,, 37, 48; women, 84, 65, 
46, 27, 8.] 47. [3 sheep, 6 lambs.] 48. [Horses, 5, 13, 4. 
oxen, 29, 56, 83, &c.] 49. [Impossible.] 50. [333, 520, &c.] 
61. [17.] 62. [624] 54. [1, 1, f, f f, t, H, A, &c.] 55. [3.] 
66. [69, 119.] 67. [(«!?-»«- 2m»)2, (m' + nS)', (m2-»2 + 2mn)=.] 

68. [6, 28, &c.] 69. [143.] 60. [(^' + f)^, (6«-nS)S J 

4»- 4n* 

61. [7691.] 62. [6,11,17.] 63. [104.] 64. [5 and 3, 
31 and 20, 57 and 37.] 66. [11 and 7; or 36 and 23.] 

66. [1081, 610.] 67. [6, 4, 3; or 104, 81, 66.] 68. [52, 82, 15; 
50, 40, 30.] 69. [4128.] 70. [9, 16, and 36, 64, &c.] 71. [25 
and 16; 100 and 64, &c.] 72. [2.] 73. [3.] 74. [140.] 
76. [4.] 76. [901 men.] 77. [Impossible.] 78. [By giving 
6 sovereigns, and receiving 2B dollars.] 79. [3 geese, 16 quails, 
2 snipes.] 80. [Of the first, 12, 14, 16; second, 15, 10, 5; 
third, 3, 6, 9.] 81. [4 oxen, 90 sheep, 1 cow, 5 calves.] 82. [8, 
112,0; or 16,99,6.] 83. [12,2,6; 11,5,4; 10,8,2; 

9,11,0] 84. [19 oxen; 1 sheep; 80 geese.] 85. [3 horses, 
6 cows.] 
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xnL 

No, 2. lAns, 3-0969.] 3. [2-623; 2-49.] 4. [l-66; 1-2745.] 
6. [4-296; 3-069.] 6. [1-637.] 7. [J2^_^ •] 

11. [aM.] 12. [31, 62, 10.] 13. [-37166.] U, [aH^c'^^ .'\ 
15. [3.] 16. [X.4, y»6.] 17. [2-342.] 18. [-^, -^0 

19. r^ i^g(«'"^ .] 20. [a»100-\] 21. [ loga-log6 3 
^'log(a + A)-' ^ ^mlogc-»log6 

22 ^!2gJL(l±^^).] 23. [ISL^lVlEIl .] 24. [x» 
* L 2 log a -• ^ log a 

g .X. _^ 

/ __!^J2i-i_.] 26. [2-26 ; 3-376.] 27. [3-551 ; 1-4204.] 
28. [1-242.] 29. [4,33; or -0,33.] 80. [ar = i(4a+l ± 

V'i^); y = i(-i ±^8TTT.] 31. [ ^^,^1^^/^ -] 

82. [(-i±*v^i^)»; (-i±iv^r7^] 58. e^Lili^).] 

34. [2, or -1.] 35. L^ioga + »lo^6' »log a + » log 6'-' 

' "■ v'aw* log a + »« log b ^2m^ log a + n^ log b 

Sl.lx^{ab-^r\ ^ = (^0'*'.] 

XIV. 

No. 1. [/4jw. The latter in each case.] 2. [77 : 80, and 

1406 : 1440.] 3. [3a : 2&.] 6. [a + a? I a-ar.] 7. [^^' 
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^""•^ 3 9. [a :65a: 6.] 10. [1:1.] 2i.\ia:x::x: 

a-h, and a- : y : : y : 2a-ar.] 23. [9 and 15.] 24. [27 and 48.] 
25. [6 and 8.] 28. [« = i/««.] 29. [ 7 : 8.] 30. [y » 7a?.] 
31. [25ay = 1 2 (ar* +y2).] 32. [ay = «• v/«'-^-] 83. [aV « 
6«(jj2-a^.] 34. [y3=:4(M?.] 88. [2 gaU. of first, 14 gaU. of second.] 

39. [t/^T^'O 40. [Diamond ,^f . ; ruby -^-^ ] 



XV. 

J^o.l. [^jw. 272.] 2. [1002, »2.] 3. [0, -8^.] 4. [16.] 
6. [I.] 6. ['ili.] 7. [0.] 8. [800.] 9. [-84^.] 
l0.[-637i.] ll.[l.-4|.] 12. [^, -13|.] 13.[32?,22^.] 
14. [— i_(2»a-(n+l)6).] 16. [0.] 16. [n((a + a?)2- 
(n-l)^)0'\7.[(^-^x?±l>] 18. [3.] 19. [13, 
OP 7.] 20. [4.] 21. [18, or 19.] 22. [4.] 23. [60.] 
24. [4, 5, 6.] 25. [-6, 5.] 26. [2, 5, 8.] 27. [6. 8, 10.] 

28. [6.] 29. [n3.] 30. [^, f, iV h ^. 'h -A-3 

81. [-2. -6. -10, -14.] 32. [19.] 33. [8, 10, 12.] 

34. [1,3, 5, &c.] 85.[f,l,?,&c.] 36. [3, 5. 7, 9.] 37. [3, 5, 7, 9.] 
38. [m + », OT + ii-lj or l.] 39. [^ + -^^ + &c.J 

40. [920 yards.] 41. |?^ (2«+ D-] 42. [J, 6, i^.] 

43, [f, h &C-; -*0 ^- t*' *' ^' ^-^ ^- f^** °'' ^'■' 

49. [te-»*)a + (r-p)b + (p-q)c = 0.] 

XVI. 

NcLiAns.^.-] 2. [ff*,*.] 3. [i^.J 4. [MJH; f 

5. [Wi?4.] 6- C«««*. A'] 7- c'r^-] '»• t/i- " 

4651 2y? J 9. [- -V''^,. X ^.] 

3888(v/6+-v/5)' a/30 + 5 ^^5 + ^/2 
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n 

10. [ L_^.] 11. [ 2l=i ] 12. [4 + 3v'i.] 

4-2^8 S"-»(V'3-1) 

13. [1.] 14. 1^.2 16. C I 5X (^)"'-(3^'.] 

16. ||±£.] 17. [-j-f!_.] 18. [xi-x?^' .] 

« » * ^'""^^ 

19. C-i- X "'"i"/^' ] 20. [i.] 21. [4, 8, 16.] 

22. [2, 8, 32; 3, 1, ^.] 23. [6, n] 24. [2, 4, 8.] 

25. [2"+*-3, 4(2"-l)-3Jl, 2**-!, 2(2"-l)-n.] 26. [49, 1.] 
27. [1, 4, 16, &c.] 28. [I, 2, 4, &c.] 29. [l, 2, 4, 8.] 

30. [-L, JL, -4, 100, 40, 16, ^, 51.] 31. [i^ 

V8 -/8 ^83 6 26 3 

1, 3, 9, &c.] 35. [117, 351, 1063; 111, 333, 999.] 43. [3,6, 
12, &c; 13i, -4*, li, -&c. to infinity.] 60. [__2^__.3 
51.[8,12;},|,A.f A.AO 62. [l,i,J,|,&c.] 54. [i^, 3.] 
65. [^, 3, 4. 6.] 56. [(!L±I)^, ^ <-; ')f^ 

'^^"•^'^ .3 67. [-1. 0, 1. i, i. 4c. J A, A. A. 4. *«•] 

nx+y 

68. [_f*, -?*-.. rAA + *«] 60. [104, 334.] 

2a— b 3a— 2b 4a— 36 -^ l » j 

62. [(i>-g:)a6 + (2-r)5c + (r-p)ac - C] 63. [a?^» - 4.] 
XVII. 

JTo. 1. lAns. 262.] 2. [63.] 3. [255.] 4. [l4.] 5. [l20.] 
6. [230300, 18424.] 7* [(!.) 19968400; (ii.) 34660; (111)39916800; 
(iv.) 3326400.] 9. [a?«16, r=6.] 12. [3628800.] 17. [6.] 
18.[n = 83,r-42.] 19. [6.] 20. [63.] 25. [43092000.] 26. [l2.] 

xvni. 

No. 9. [Am8. - I26a^] 10. l-^ ^ — ] 11. [- I400000a» ] 
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12. [146.] 13. [;l>g»"--(5^-^) ?!L .] 38. [2^ 0.] 

»-6.10.16....(6r) ^3^jr+i 

1.2. 3.... It 

XIX. 

JTo. 34. lAfu. 506.] 35. [— (6»2 - S« - l).] 

36. r«a?*"*"^--(«+l)a^+l] 37^ [-440.] 33, [!l' (2»4-3) + 

JL(3»»+10).] 89. [li^^l^.] 40. [44100.] 

41. [^(4n2 + 3fi-l). 42. [5^!z2fZ:i.] 43. [See 39.] 

44. ^• 8(«■0^"^'-^8^^^«'^^ft^^^ j 45. [^- (n+l) (» + 2).l 
46. [— (»+l)(« + 2)(ii+3).] 47. [^(6»3+20n2+9» + 50).] 



48. [i?. (3n» + 40«« + 84n + 60.] 49. [^^l^^illV.] 

60. [?2! + ??! + !!?.- ^ - i.J 51. [44330.] 52. [8361.] 
6 4 6 4 15 

68. [58780.] 

XX. 

.^0.40. [:4n*. p.) Quotients, 1, 1, 3, 5, 4 ; Convergents, a, }, f, fj; 
Continned fractions, "l^ = l +'3+y+'4. 

(ii.) Quotients, 1, 1, 1, 1, 2, 3, 85 Convergents, i, f, |, |, J^, ff, 
114; Continuedfractions, l+i^-l-^l^^^-l-^^ ^ ||^. 

(iii.) Quotients, 3, l, 1, 11, 1, l, 4; Convergents, ^, ^, f, |f, §|, 
^«p m; Continued fractions. i+l+l+lV+T+T+4 = Hi' 

(iv.) Quotients, 2, l, 2, 2, 1, 3, 2; Convergents, i, i, |, -j^, ^^, 
iSfr. *r; Continued fractions, i+T+ 2"+ 2"+ i+s +-2 = -Hf 

(v.) Quotients, 3, 7, 15, 1, 25, l, 7, 4 ; Convergents, ^, A, |§f, ^, 
»». mh Um* mmi continued fractions, l^i^^^^i^ 
JL X 1 i« 100000 -, 

41. [(i.) Quotients, 3, 22, l, 4, 2; Convergents, i, |f, f^, ^*, 
12 
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f Ji; Continued fractionB, "J-^-^+l+i'+i = "Hi- 

(ii.) Quotients, 7, 3, 1, 1, 3; Convergents, ^, ¥, a^ ^, -^; 

Continued fractions, 7 +^+i' +T+3' ~ W • 
(iii.) Quotients, 3, 7, 1, 2, 4, 5, 1, 1 ; Convergents, ^, J^ A» H» 

iih ^^^m^^HUi Continued fractions, J+7-+T+2 + 4+5 + 

(iv.) Quotients, 3, 5, 7, 9; Convergents, f, J^. ^, ^^; Con- 
tinued fractions, 3+i^i^i = VaV '] 

42. [(i.) Quotients, 5, 3, 2, 3, 10, &c.; Convergents, 4, ^, ^ 
■^, &c.; Continued fractions, v/28 =6 + ^^.-^^-g^^Yg^^ &c. 

(ii.) Quotients, 5, 1, l, 3, 5, &c. ; Convergents, f, f, -^j ^ 
^ft^, &c. ; Continued fractions, v^iT « 6 + y^ 1 + 3"+ 3"+ &c. 

(iii.) Convergents, f, |, ^, ^ &c. 

(iv.) V'SO = 7 + -i^+-]^^. &c.; V^l? « 4 + -|-^-|^ &c.] 

XXI. 

2Vb. [^JM. 8822. 28, 6dJ] 2. [201 35^. 6«. 3<i.] 3. [36*894 years.] 
4. [6^ years nearly.] 6. [615^. 19«. 5<2.] 6. [242. 14«. 9*6<2.] 

7. [1412. 68, lOd."] 8. [A.'s share 25482. 14«. 3d., B.'s share 23562. 
8*. 7d., C.'s share 20942. 17*. 2c2.] 9. [16-67 years nearly.] 

10. [25088J2.] 11. [48822. 4*. S^lJ] 12. [62. 16«.] ,13. [7634^. 
38. 4^.] 14. [62. 168. 6^.] 16. [The freehold worth 2142. 2*. 9^. 
more than the leasehold.] 16. [7032. nearly.] 17. [352. Ss. 5(2.] 
18. [5 per cent.] 19. [24152. 8*. 8^.] 20. [241 2. 9s. 2^.] 

21. [4322. 19*.] 

XXII. 

No. 1. lAns, 5221.] 2. [1465.] 8. [27^.] 4. [1024, 249, 
252710.] 5. [e7<8.] 6. [1466.] 7. [35,61, 2615, 1421.] 

8. [2^3568, 473184.] 9. [9294, 344, 2704054.] 10. [1295, 216.] 

11. [11 101 11001 111, nle.'] 12. [62te, 10787.) 13. [4U2.] 
14. [122-2.] 15. Ll'5462, 1^.] 16. [572640.] 19. [23-2112.] 
20. [3« + 3* + 32-3-l.] 21. [3? — 3«-3« + 3* + 3^-3- K] 

22. [3«+3*+3'+3+l.l 23. [2-58 + 5'- 5 + 1.] 29. [w-l-l 
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XXIIL 

No. 22. [Ans, 40, 7440.] 23. [2*, 38, 53, 7, U 5 240; 3690240; 
118680.] 24. C526; 4446.] 

xxrv. 

JVb.l. [Ans.a^-lx -¥121 a?2-2«-16; 25a;»-l; 9aj3-l. 
2. [«3 - 1 ; a;* - 9^ + a?2 - 9.] 3. [a?* - 3a^ - 42a? - 40 = 0; 

- 21a?* 21a;* , ^ t a r^ «3 j. ^ ^^ -- n . 

a?6 _ + 1=0.] 4. [i»* - a?« + — - — = 0; 

^.7^ + 5?f_5?«0.] 6. [5.] 6. [8.] 7. [1, i(-l± 
4 4 

^ri).] 8. [2, 2, 3.] 9. [6.] 10. [1, 4, 7.] 11. [-1, 

-10.] 12. [-1,-2.] 13. [1,3,5.] 14. [1.2,3.] 

15. [+4.] la [1,2,4.] 17. [1,3,9.] 18. [2,6,18.] 
19. [1, 2, 4, 8.] 20. [3, 3, 2.] 21. [-2, -2, -4.] 

22. [2, 3, 6.] 23. [-i, I, iO 24 [^, i, i.] 25. [3, 4, 6.] 
26. [y*- 25^3+ 3755^3- 1260y- 1 1700 = 0.] 27. [y3 + 2^-l68 

- 0.] 28. [y8- I5y2-24y~240 = 0.] 29. [3y3- 10y»+ 8y-66 
«0.] 30. [y*+5f3-136y«-808y-20 = 0.] 81. [s^*-^ + 

y2_9 = 0.] 32. [y3-r6y'-64y + 120 = 0.] 33. [y*+ 10^ + 
876y-625.] 34. [y4 + 63^-108y + 243-0.] 35. [y3+^- 
36 = 0.] 36. [y*+123^ + 27^-68y-84 = 0.] 37. [y»- 

lly* + 38y-40 = 0; 5fS + 7y»+14y+8 = 0.] 38. [y^^n « 0.] 

89. [.r-l2a?-ll =0.] 40. [2y*+8y8-y3-8y-20.] 41. [l^ + 

206y8+ 793^2+ i232y + 580 = 0.] 42. [3y*-8!^— 4y5 Ji- 

i\f = 0.] 43. [2a!«-15a2+63a?-324 = 0.] 44. [y*-8Sy-16 = 0.] 
45. [y3- 12y-26 = 0.] 46. [y^-y = 0.] 47. [y*- 14yg- 

24^+21=0.] 48. [y' + 6y-20 = 0.] 49. [± ->/-!; 

ZiiZH] 50. [±v^—, i±^, ?±>^, 2 + ^3.] 

2 2 2 

51. [2. ^, iv'-l.] 52. [1, I. i(l±-v/^r5).] 53. [3.] 

54. [10.] 55. [8.] 56. [9.] 57. [12.] 58. [1-7836.] 

59. [r692, or 1*36.] 60. [2*529.] 61. [2-49.] 62. [-4, 2 + 

V^^.] 63. [1, 2, 3.] 64. [4-2643.] 65. [2-858.] 66. [1-02804.] 
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_ XXV. 

2. [fZlLLLv^.] 8. [«p + a5+ ??.] 4. [(L) »; (ii.) 2or -f; 

16 8 

6. l^V'i, eV'a, SV'i'.] * ^. [77760ary.] 8. [»(9-2ii), f.] 
9. [3,4.] 10. [907300.] 11. [i^^>, ^, ay.] 

12. [«-y.] 13. [ar«+6ajy+15ary+....6V+y'j ^^lO 

U. [3 + y/E; 2 + y^] 15. [(i.) 13 ; Cii.) 3, 2 ; (iu.) 7, or - 6|^ ; 
(iv.) i(-3+ ^/657), or -J(-3+ ^log.^ 16. [34 miles.] 

17. [436; ^i^J-i.] 
4 X 6*-* * 

XXVI. 

No. 1. lAna. if] 2. [l2, 20, 30.] 8. [+3, +^6, 2, -l.J 

^ [4. 3, 6; 2^, 3.] 8. [i50 miles from place of acddent.] 

9. [2-7144, i(-3+y-35.] 

xxvn. 

No. 1. [.fjM. oa?- ahh^^" a*ar'6 V + ^ ; -v^S.] 2. [fi.) ( x 
(-1 + v'i); (ii.) ^(-3 + ^17); i(-3 ± v'M); (iii.) 4, 2.] 

3. [Distance 60 miles ; speed of passenger train 30 miles.] 6. [ i -i- 

«+6^-jy+»o(— y + *c.j 120^— Y*.] 7. [Half-crowns 1, 
3, 6, &c. 17; shillings, 41, 36, 31.... 1.] 8. [(i.) 3, or -^; 
(ii.) -1, i(5±y-16); Pii-) ft>0; (iv.) 7,4.] 9. [H] 11. [ll/.] 

XXVIU. 

No. 2. [^«*. fi.) ± + hi (ii.) ^^J^^^ + 1 ; (iii.) a^^3abc + 
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6»+ c3 ; C.V.) -6 y^.] 3. [(i.) i (1. + A) 5 (U.)£±l .] 

^ o a/ 2J74-5 

4. [(i.) 4; (ii.) 974; fiii.) 16, 5.] 6. [^ qt. at 6«., f qt. at 3*. 6rf.] 
6. [(i.) If 2|, -12; (ii.) 4, 3.] 7. [2226.] 8. [(ii.) '443783; 
(Ui.) 27x33x58; (iv.)7651.] 

XXIX. 

No. 2. lAns. (i.) 3(a» + 2i2)i (ii.) «£!zJf!z£_. (iii.) ^^4 + 

^' + y<; (iv.)aj2+a?y+ya; (v.) aS-252 + c2.] 3. [oj^- 

(a + 6 + c)aj2+(aJ + fte + ac)a:— aftc = 0, ar''— 3aar2+3a%— a* = o, 
2«-3y.] 4. [(i.) 13; (ii.) 15, 20.] 6. [lOOO men; 800 men.] 
6. [(i.) - 1, 3, 4; (ii.) 729, 64; (iii.) 0. 0, 0.] 7. [9070.] 

XXX. 

No. 1. lAns. J-.] 2. [or* + i^ + ^, <^ + 3a^+9a + 27.2 

4U0 18 16 

3. [x-3, 16^-U-} 4. [a.)f J (ii.)T^; Oil) 0; (ir.)-^; 

4J7 1— « x + y 

(V.) 2 (a + i + c).] 5. [a?2-d? + ^, (,«- 2a + 1.] 6. [(i.) 8 ^2; 

(U.) 4 v^5; Ciii.) ^/iS", V^+^e.^ 7. [(i.) 8; (ii.) 2; (iU.) i. i . 

(iv.) I, -4; (V.) I, -i, ^(9±V^iir); (vi.) (^ ; (vii.) JL 

26 q* 

or - £.; (viii.) 1, i(-3 + V'6"; Cm.) i, 4.] 8. [»?, 100, -21|.] 
9. [2»-^ 2"-l; (-3)*, -182.] 10. [n = 4.] 11. [20, 16.] 

12. [cfi + 6€fix + &c.; a + 8a^yi + 28aM + &c.] 13. [.1. -. ± _ 

a? a?* 

(JTTP - ^ -^ ^*- ^'**-' ^®- t"'-**' (*- ')' ('+ 0] 

Iff rr\ ^ /•• \ 8d? + 9 ,... V 1 

a? + 2 (a« + a?+l) (ap+ 1)2 (a? + a) (a? + 6) (a? + c) "^ 

18. [G.)9\/2; pi-) 0-1 W- [6--N/3, 3 (l-^"r-i).] 20. [1, 20.] 

21. [a«+ 12a66 + 60a<6« + &c.; 2. (1 +^ + Ll! . f! + 4^^! 

o ^ 2a* 2.4 a* *'■' 

22. [0.) 7 ; (ii.) 1. 1 ±2v/l6 5 Oa.) £=^ ^=£ ; Ov.) 5. 1 ; 

on— am an— om 
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(v.) a, 4,8.] 23. [18 hours.] 24. [**+!>«»+ <j- = ^^ - rx+»»; 

y- 1,31670.] 

XXXI. 

Jfo.l. [^»«. 100 miles.] 6. [(a) 10; (jS) 5, 2j (7) 2, 1.] 
6. [160 napoleons « 127 sovereigns; 8 napoleons « 6 sovereigns, 

+ 7«.l 7. [48 days.] 8. [(a) \/2 + i^^ + ^2-^ V^; 
(iS) V'S" - V'a + !•] 11- [1«106-1, 44-4.] 

XXXII. 

No, 1. [^w. 3a5-7a*a? + 8d?ar-8aV+ — a?^.] 2. [a + 

4. [Ci.) 5i; (ii-)^J (i"-) »' 7.] 5. [150 yards; A. 30 yards, 
B. 20 yards per minute.] 6. {a?-ax + ^a\ 36.] 7. [(i.) ^har^i 
(ii.) 3.] 8. [(i.) 4, -2|; C"-) 2± V'n ; (iii.) J, i-] 9. [24, -6, 

2a, -iL.] 10. [(i.)77i; (iiOSif; Gii-)tt-"J H- CHO 

2 
14.[Ci.)llH5 (ii.)l2^5 (iu.)^(»+l)«-(n-3)6.] 16. [3gaU. 
and 8 gall.] 17. [256.] 18. [1008O.] 19. [The senary, 
65556, 10000.] 

20.[7+-i- , 

14 + — = •] 

^50 + 7 

21. [1, 2, 3 lbs. at 3*. 6i., 7, 4, 1 lb. at 4«. 6(i., 12, 14, 16 lbs. 
at 5s.] 22. [ijdays.] 23. [* =y +^ + ^^^^ &<^1 

24. [2925.] 26. [3* + 9 x 5*+3'x 5* + 3 x6*-l-3* x 5*+5^.] 

5 15*2 5jr» , T 

26. [(l-2x)'= l-5ar+ -r- - -^ - ^\ 
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